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(54) Stereoscopic image display apparatus whose observation area is widened 



(57) The invention relates to a stereoscopic image 
display apparatus connprising a light source (10) for 
emitting light from plural apertures (8), an optical ele- 
ment array (4) composed of an array of optical elements 
having different optical functions in the horizontal and 
vertical directions, for giving directivity to the light 
emerging from the apertures, and a transmissive display 
device (6) for displaying a stripe image, obtained by di- 
viding each of a parallax image for the right eye and a 



parallax image tor the left eye in the vertical direction to 
obtain right stripe pixels (Rn)and left stripe pixels (Ln) 
and arranging the right and left stripe pixels alternately 
in a predetermined order, wherein the plural apertures 
(8) are provided corresponding to'each of the optical el- 
ements constituting the optical element array, for each 
stripe pixel, and are adapted to cause the light, passing 
through the right or left stripe pixel, to reach a predeter- 
mined area. 
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Description 

BACKGROUND OF THE INVENTION 

Field ot the Invention 

The present invention relates to a stereoscopic im- 
age display apparatus, and more particularly to such ap- 
paratus adapted for stereoscopic image display in a tel- 
evision, a video display, a computer monitor a game 
machine or the like. 

Related Background Art 

As the conventional stereoscopic image display ap- 
paratus, there is known an apparatus of a system of po- 
larizing glasses. In this system, the image display device 
is provided with a liquid crystal shutter for obtaining dif- 
ferent polarized states for a right-eye parallax image R 
and a left-eye parallax image L. The polarized state is 
switched in synchronization with the field signal of the 
displayed image and the observer wearing polarizing 
glasses observes such switched display, whereby the 
stereoscopic observation is realized by splitting the left 
and right images to the respective eyes in time-sequen- 
tial manner. However such system is cumbersome for 
the user, being required to always wear the polarizing 
glasses. 

On the other hand, among the stereoscopic image 
display apparatus not using such polarizing glasses, 
there is known a system providing a lenticular lens in 
front of the display device, thereby spatially separating 
the images for the left and right eyes. Figs. 1A and IB 
are schematic views showing such conventional system 
with the lenticular lens, and are respectively a cross- 
sectional view seen from above the observer and a front 
view of display pixels of the liquid crystal display 

In these drawings, 501 indicates a display pixel por- 
tion of a liquid crystal display device, of which glass sub- 
strate, color filter, electrodes, polarizing filters, rear light 
source etc. are omitted from the illustration. The display 
pixel portion 501 is composed of apertures 502 having 
color filters and constituting pixels, and a black matrix 
503 separating such pixels. The liquid crystal display is 
provided thereon, at the side of the obsen/er with a len- 
ticular lens 504 consisting of cylindrical lenses having a 
semicircular cross section as illustrated and extending 
perpendicularly to the plane of drawing, and the display 
pixel portion 501 of the liquid crystal display is positioned 
at the focal plane of such lenticular lens. 

In the display pixel portion 501 , stripe-shaped pixels 
Ri for the right eye and stripe-shaped pixels Li for the 
left eye are alternately displayed in such a manner that 
each pair of such pixels corresponds to a pitch of the 
lenticular lens, whereby such paired pixels are optically 
separated and respectively focused on the right eye Er 
and the left eye El of the observer by means of the len- 
ticular lens 504q thereby enabling stereoscopic obser- 



vation. 

In Figs. 1A and IB there are shown spatial areas 
where the stripe pixels for the right and left eyes can be 
respectively viewed by the cylindrical lens 504 at the 

5 central portion of the display. Also for other cylindrical 
lenses of the lenticular lens, similarly separated spatial 
areas overlap at the right and left eyes of the observer 
Thus the stripe pixels for the right eye and those for the 
left eye can be uniformly separated and observed over 

10 the entire image, and parallax images R and L, each 
consisting of a group of stripe pixels, can be respectively 
observed by the right eye and the left eye. 

In this system, the two parallax images R, L are re- 
spectively divided into vertical stripe-shaped pixels. 

15 which are alternately arranged from the left or right end 
of the image area as a single striped image for display 
on the display pixel portion 501, so that the resolution 
of the image display device is inevitably reduced to 1/2. 
On the other hand, the Japanese Patent Laid-open 

20 Application Nos. 5-1 07663 and 7-234459 disclose ster- 
eoscopic image display apparatus of the lenticular sys- 
tem without such reduction in the resolution. 

Figs. 2A, 2B and 2C are views showing the basic 
configuration of the stereoscopic image display appara- 

25 tus disclosed in the Japanese Patent Laid-open Appli- 
cation No. 5-107663. This stereoscopic image display 
apparatus is composed of a light direction switching de- 
vice 601 consisting of a planar matrix light source 602 
and a lenticular sheet 603, and a transmissive display 

30 device 604. The planar matrix light source 602 is pro- 
vided, within the width of a lenticular lens constituting 
the lenticular sheet 603, with a stripe-shaped light 
source for the right eye (a column marked with "R" of 
602R in Fig. 2B) and a stripe-shaped light source for the 

35 left eye (a column marked with "L" of 602L in Fig. 2B) 
as a pair 

This display apparatus functions in the following 
manner When the stripe-shaped light source for the 
right eye (602R in Fig. 2B) is turned on to emit the illu- 

^0 minating light from the entire area of the lenticular sheet 
to the area for the right eye, a parallax image for the 
right eye (604R in Fig. 2C) is displayed in an odd-num- 
bered frame in synchronization, and, when the stripe- 
shaped light source for the left eye (602L in Fig. 2B) is 

^5 turned on to emit the illuminating light from the entire 
area of the lenticular sheet to the area for the left eye, 
a parallax image for the left eye (604L in Fig. 2C) is dis- 
played in an even-numbered frame in synchronization. 
Thus the parallax image R and L need not be divided 

50 into stripe pixels but can be displayed entirely in the 
even and odd frames, so that the stereoscopic image 
display device can be realized without the loss of the 
resolution. 

The conventional stereoscopic image display appa- 
ls ratus of the lenticular lens system shown in Figs. 1 A and 
1 B, having the lenticular lens on the liquid crystal display 
at the observer side thereof, is associated with draw- 
backs that the image quality is deteriorated by the sur- 
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face reflection of the lenticular lens and that Moire fring- 
es are formed by the black matrix of the liquid crystal 
display. 

The conventional stereoscopic image display appa- 
ratus shown in Figs. 2A, 2B and 2C realizes the stere- 
oscopic view by time-divided display of the right-eye 
parallax image R and the left-eye parallax image L, but 
the image switching has to be made at a high speed in 
order to avoid flickering phenomenon. 

Isono et al. ("Condition for time-divided stereoscop- 
ic view", J. of Television Association, Vol.41. No. 6 
(1987), pp549-555) reported that the stereoscopic view 
could not be achieved in the time-divided display of a 
field frequency of 30 Hz, in the 2:1 interlaced scanning 
display system of the current television. It was also re- 
ported that, in case of opening. and closing both eyes 
alternately, the limit frequency not sensing the flickering 
(CFF; critical flicker frequency) was about 55 Hz and 
that the field frequency needed to be at least 110 Hz in 
consideration of the flickering. 

Thus, such conventional apparatus is associated 
with a drawback of requiring a display device capable 
of high-speed display for the transmissive display de- 
vice 604. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
stereoscopic image display apparatus allowing to ob- 
serve a satisfactory stereoscopic image, even with a dis- 
play device with a low display speed (low frame frequen- 
cy), by separating the left and right parallax images uni- 
formly over the entire image area at the observing po- 
sition of a predetermined height, and with the observa- 
tion area widened in the vertical direction. 

The above-mentioned object can be attained, ac- 
cording to an aspect of the present invention, by a ster- 
eoscopic image display apparatus comprising: 

light source means for emitting light from plural ap- 
ertures; 

an optical element array consisting of an array of 
optical elements having different optical functions 
in the horizontal and vertical directions for giving di- 
rectionality to the light from the apertures; and 
a transmissive display device for displaying a stripe 
image formed by alternately arranging, in a prede- 
termined order, right stripe pixels and left stripe pix- 
els obtained by dividing each of a parallax image 
for the right eye and a parallax image for the left eye 
in the vertical direction; 

wherein the plural apertures are provided, for each 
stripe pixel, respectively corresponding to the opti- 
cal elements constituting the optical element array 
and are adapted to direct all the light, transmitted 
by the left or right stripe pixel, to the predetermined 
respective area. 



The plural apertures are preferably formed in a 
checkered pattern (in other words, rectangular patterns 
showing two colors alternately). 

The pitch in the vertical direction of the apertures 
5 corresponding to the vertically adjacent stripe pixels is 
larger than the vertical pitch of the stripe pixels, and the 
width in the vertical direction of the apertures is smaller 
than the vertical width of the stripe pixel. 

The optical element is preferably formed as a cylin- 
10 drical lens having an optical power in the horizontal di- 
rection, and the optical element array is preferably com- 
posed of a horizontal array of such cylindrical lenses. 

The pitch in the horizontal direction of the cylindrical 
lens is smaller than the pitch of the laterally adjacent 
'5 ones of the apertures in the above-mentioned check- 
ered pattern. 

There is further provided means for controlling the 
apertures with a predetermined signal. 

The control means is adapted to form the plural ap- 
ertures in a predetermined area in the light source 
means and to cause light emission in all other areas. 

The light source means is a light-emitting display 
device, and the control means is adapted to control the 
light-emitting display device. 

Otherwise the light source means includes a sur- 
face illuminant and a transmissive spatial light-modulat- 
ing device, and the control means is adapted to control 
the spatial light-modulating device. 

A first stripe image, combined by alternately arrang- 
ing odd one among the right stripe pixels obtained by 
dividing the parallax image for the right eye and even 
one among the left stripe pixels obtained by dividing the 
parallax image for the left eye, and a second stripe Im- 
age, combined by alternately arranging odd ones 
among the left stripe pixels and even ones among the 
right stripe pixels, are alternately displayed over the en- 
tire area of the display device or in a predetermined area 
thereof. 

The display is made, in switching the two stripe im- 
ages to be displayed on the display device and the plural 
apertures formed on the light-emitting face of the light 
source means in raster scanning, by switching for each 
scanning line or for each pixel on the corresponding 
scanning line. 

Between the light source means and the display de- 
vice, there is provided a second mask having plural lat- 
eral stripe-shaped apertures respectively correspond- 
ing to the stripe pixels constituting the stripe image. 

The pitch in the vertical direction of the apertures of 
the second mask, corresponding to the vertically adja- 
cent stripe pixels, is larger than the vertical pitch of the 
stripe pixels, but is smaller than the vertical pitch of the 
apertures of the light source means, and the width in the 
vertical direction of the apertures of the second mask is 
smaller than the vertical width of the stripe pixels. 

The stripe pixels constituting the stripe image are 
displayed in a scanning line of the display device. 

The stripe images are displayed in 2:1 interlaced 
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display on the display device, and a stripe iiriage con- 
sisting solely of the right stripe pixels and another stripe 
image consisting solely of the left stripe pixels are dis- 
played in respective fields. 

The optical element array is adapted to convert the 
light beams from the apertures of the light source means 
into substantially parallel light beams in the horizontal 
cross section and into converged light beams which is 
substantially converged on the display device In the ver- 
tical cross section. 

The optical element array is provided with a vertical 
cylindrical lens array, consisting of an array in the hori- 
zontal direction of a plurality of vertically elongated cy- 
lindrical lenses, and a horizontal cylindrical lens array 
consisting of an array in the vertical direction of a plu- 
rality of horizontally elongated cylindrical lenses. 

The pitch VL in the vertical direction of the horizontal 
cylindrical lens array, the pitch Vd in the vertical direction 
of the stripe pixels displayed on the display device, the 
pitch Vm of the apertures in the vertical direction, the 
distance LI between the display device and the horizon- 
tal cylindrical lens array, the distance L2 between the 
horizontal cylindrical lens array and the light source 
means, and the focal length fv in the vertical cross sec- 
tion of the horizontal cylindrical lenses constituting the 
horizontal cylindrical lens array satisfy the following re- 
lations: 

Vd : Vm = L1 : L2 



Vd : VL = (LI + L2)/2 : L2 



1/fv = 1/L1 + 1/L2. 

A predetermined distance from the display device 
to the observer stands in the following relation with the 
above-mentioned parameters: 

Vd : Vm ^ L : (L + L1 + L2). 

The optical element array includes a toric lens array 
consisting of a two-dimensional array of toric lenses 
having different focal lengths in the vertical and horizon- 
tal directions. 

The optical element array is provided with a vertical 
cylindrical lens array, consisting of an array in the hori- 
zontal direction of a plurality of vertically elongated cy- 
lindrical lenses, and a horizontal cylindrical lens array, 
consisting of an array in the vertical direction of a plu- 
rality of horizontally elongated cylindrical lenses. 

The pitch VL in the vertical direction of the toric lens 
array, the pitch Vd in the vertical direction of the stripe 
pixels displayed on the display device, the pitch Vm of 
the apertures in the vertical direction, the distance LI 



between the display device and the horizontal cylindrical 
lens array, the distance L2 between the toric lens array 
and the light source means, and the focal length fv in 
the vertical cross section of the toric lenses constituting 
5 the toric lens array satisfy the following relations: 

Vd : Vm = L1 : L2 



Vd : VL = (LI + L2)/2 : L2 
1/fv^ 1/L1 + 1/L2. 

15 

A predetermined distance from the display device 
to the observer stands in the following relation with the 
above-mentioned parameters: 

20 

Vd : Vm = L : (L + L1 + L2). 

The pitch of the optical element array in the hor- 
izontal direction, the pitch Pqx of the apertures of the 
25 light source means, the distance LO between the optical 
element array and the predetermined observer position, 
and the distance dl between the optical element array 
and the light source means satisfy the following relation: 

L0:(L0+d1) = P3x:P9x 

The above-mentioned object can be attained, ac- 
cording to another aspect of the present invention, by a 
35 stereoscopic image display apparatus compnsing: 

light source means for emitting light from plural ap- 
ertures; 

an optical element array consisting of an array of 
40 Optical elements having different optical functions 
in the horizontal and vertical directions for giving di- 
rectivity to the light from the apertures; and 
a transmissive display device for displaying a stripe 
image formed by alternately arranging, in a prede- 
45 termined order, right stripe pixels and left stripe pix- 
els obtained by dividing each of a parallax Image 
for the right eye and a parallax image for the left eye 
in the lateral direction; 

wherein the plural apertures are provided, for each 
so stripe pixel, respectively corresponding to the opti- 
cal elements constituting the optical element array 
and are adapted to direct all the light, transmitted 
by the left or right stripe pixel, to the predetermined 
respective area. 

55 

The optical element is preferably formed as a cylin- 
drical lens having an optical power in the horizontal di- 
rection, and the optical element array is preferably com- 
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posed of a horizontal array of such cylindrical lenses. 

The centers of the apertures corresponding to the 
right and left stripe pixels are shifted in mutually opposite 
directions, with respect to the optical axis of the cylin- 
drical lenses respectively corresponding to the stripe 
pixels. 

The width I of the right or left stripe pixel, the dis- 
tance C from the display device to the light-condensed 
area, the distance E between the centers of the light- 
condensed areas, and the distance t from the principal 
plane of the cylindrical lens at the side of the display 
device to the display surface of the display device satisfy 
the following relation: 

t = IC/(E/2-l) 

There is further provided means for controlling the 
apertures with a predetermined signal. 

The control means is adapted to form the plural ap- 
ertures in a predetermined area in the light source 
means and to cause light emission in all other areas. 

The light source means is a light-emitting display 
device, and the control means is adapted to control the 
light-emitting display device. 

Otherwise the tight source means includes a sur- 
face illuminant and a transmissive spatial light-modulat- 
ing device, and the control means is adapted to control 
the spatial light-modulating device. 

A first stripe image, combined by alternately arrang- 
ing odd one among the right stripe pixels obtained by 
dividing the parallax image for the right eye and even 
one among the left stripe pixels obtained by dividing the 
parallax image for the left eye, and a second stripe im- 
age, combined by alternately arranging odd ones 
among the left stripe pixels and even ones among the 
right stripe pixels, are alternately displayed over the en- 
tire area of the display device or in a predetermined area 
thereof. 

The display is made, in switching the two stripe im- 
ages to be displayed on the display device and the plural 
apertures formed on the light-emitting face of the light 
source means in raster scanning, by switching for each 
scanning line or for each pixel on the corresponding 
scanning line. 

The present invention will become fully apparent 
from the following detailed description of embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A and 1 B are schematic views of a conven- 
tional example; 

Figs. 2A, 2B and 2C are schematic views showing 
the configuration of another conventional example; 
Fig. 3 is a schematic view showing the principal 
parts of an embodiment 1 of the present invention; 
Fig. 4 is a plan view showing the principle of stere- 
oscopic image display of the embodiment 1 ; 



Figs. 5A and 5B are side views showing the princi- 
ple of stereoscopic image display of the embodi- 
ment 1 ; 

Fig. 6 is an elevational view of a mask pattern 9, a 
s lenticular lens 4 and an image display plane 1 in the 

embodiment 1; 

Fig. 7 is a schematic view showing the stereoscopic 
viewing area of the embodiment 1; 
Fig. 8 is a schematic view of the principal parts of 
10 an embodiment 2 of the present invention; 

Figs. 9A and 9B are schematic side views showing 
the stereoscopic image display method of the em- 
bodiment 2; 

Fig. 10 is an elevation view of mask patterns 9 and 

15 1 3 of the embodiment 2; 

Fig. 11 is a schematic view showing the stereoscop- 
ic viewing area of the embodiment 2; 
Fig. 12 is a schematic view of the principal parts of 
an embodiment 3 of the present invention: 

20 Figs. 1 3A. 1 3B and 1 3C are schematic lateral views 
showing the stereoscopic image display method of 
the embodiment 3; 

Figs. 14A and 14B are schematic views of an em- 
bodiment 4 of the present invention: 
25 Fig. 1 5 is a schematic exploded perspective view of 
the principal parts of an embodiment 5 of the ster- 
eoscopic image display apparatus of the present in- 
vention; 

Fig. 16 is a horizontal cross-sectional view of the 
30 embodiment 5; 

Fig. 17 is a schematic view of the embodiment 5 in 
a vertical cross section; 

Fig. 18 is a vertical cross-sectional view of the em- 
bodiment 5; 

35 Fig. 19 is a schematic view in a vertical cross sec- 
tion of an embodiment 6 of the stereoscopic image 
display apparatus of the present invention; 
Fig. 20 is a vertical cross-sectional view of the em- 
bodiment 6; 

40 Fig. 21 is a schematic exploded perspective view of 
the principal parts of an embodiment 7 of the ster- 
eoscopic image display apparatus of the present in- 
vention; 

Fig. 22 is a schematic exploded perspective view of 
^5 the principal parts of an embodiment 8 of the ster- 
eoscopic image display apparatus of the present in- 
vention; 

Figs. 23A, 23B and 23C are schematic views show- 
ing the stereoscopic image display method of the 

50 embodiment 8; 

Figs. 24A and 24B are schematic views showing the 
image display method in an embodiment 9 of the 
stereoscopic image display apparatus of the 
present invention; 

55 Figs. 25A and 25B are schematic views of the prin- 
cipal parts of an embodiment 1 0 of the stereoscopic 
image display apparatus of the present invention; 
Fig. 26 is a perspective view of the embodiment 1 0; 



5 



BNSOOCJD: -«£P_078800flA1JU> 



9 

Figs. 27A and 27B are schematic views showing the 
connbining method of horizontal stripe images in the 
embodiment 10; 

Figs. 28A and 28B are views showing a variation of 
the light source of the embodiment 10; 
Fig. 29 is a schematic view of the principal parts of 
an embodiment 11 of the stereoscopic image dis- 
play apparatus of the present invention: 
Figs. 30A, 3GB and 30C are schematic views show- 
ing the stereoscopic image display method of the 
embodiment 11 ; 

Fig. 31 is a schematic view of the principal parts of 
an embodiment 12 of the stereoscopic image dis- 
play apparatus of the present invention; 
Fig. 32 is a perspective view of the embodiment 1 2; 
Fig. 33 is a view showing a variation of the embod- 
iment 12; 

Fig. 34 is a schematic view showing a display de- 
vice and the arrangement of pixels thereof in anoth- 
er variation of the embodiment 12; 
Fig. 35 is a view showing still another variation of 
the embodiment 12; 

Figs. 36A and 368 are schematic views showing the 
stereoscopic image display method of an embodi- 
ment 1 3; 

Fig. 37 is schematic view showing the combining 
method of stripe images in the embodiment 13; 
Fig. 38 is a schematic view of a display state in the 
course of scanning of the embodiment 13; and 
Fig. 39 is a schematic view showing the display 
method with vertical stripe images in the stereo- 
scopic image display apparatus of the present in- 
vention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 3 is a schematic view of the principal parts of 
an embodiment 1 of the present invention, wherein a 
transmissive liquid crystal display (display device) 6 for 
displaying an image is composed of an image display 
plane (display pixel portion) 1 consisting for example of 
a liquid crystal layer, sandwiched between two glass 
substrates 5. In Fig. 3, certain components such as po- 
larizing plates, color filters, electrodes, a black matrix 
and an antireflection film are omitted from the illustra- 
tion. A rear light source (surface illuminant) 10 consti- 
tutes an illuminating light source. A mask substrate 
(mask) 7 composed of glass or resinous material is po- 
sitioned opposite to the light-emitting plane of the rear 
light source 10, and is provided on the surface thereof 
with a mask pattern 9 having light-transmitting apertures 
(apertures A) 8 in a checkered pattern. The mask pat- 
tern 9 is composed of an evaporated metal film such as 
of chromium or a light absorbing material, and is pre- 
pared by patterning on the mask substrate 7. The rear 
light source 10, the mask substrate 7 etc. constitute 
components of the light source means, and the aperture 



10 

bearing face of the mask substrate 7 can be regarded 
as a light emitting plane because the light is emitted 
therefrom. The mask substrate 7 functions as a mask 
bearing apertures 8 in the checkered pattern. 

5 A lenticular lens 4 is formed with transparent resin 

or glass and is composed of an array, in the horizontal 
direction, of a plurality of vertically elongated cylindrical 
lenses each consisting of a flat surface and a cylindrical 
convex surface. The lenticular lens 4 is positioned be- 

10 tween the mask substrate 7 and the liquid crystal display 
6, and the curvature of the cylindrical lenses constituting 
the lenticular lens 4 is so selected that the mask pattern 
9 is positioned substantially at the focal position of the 
cylindrical lenses. Also the apertures 8 in a horizontal 

'5 row of the mask pattern 9 are provided respectively cor- 
responding to the cylindrical lenses constituting the len- 
ticular lens 4. 

Image processing means 75 fetches a parallax im- 
age for the right eye (right parallax image) R and a par- 

20 allax image for the left eye (left parallax image) L from 
an unrepresented parallax image source or generates 
such parallax images therein, then divides the two par- 
allax images respectively in the vertical direction to gen- 
erate right stripe pixels R^, Rg, R3, R4. ... and left stripe 

25 pixels Li, Lg, L3, L4, ... of horizontal stripe shape and 
arranges these stripe pixels alternately R^ L2R3L4R5L6. . . 
for example from the upper end of the image area to 
combine a horizontal stripe image, and sends the cor- 
responding image signal to a display drive circuit 75, 

30 which in response drives the liquid crystal display 6 to 
display a horizontal stripe image on the image display 
plane 1 as shown in Fig. 3. Er and El respectively indi- 
cate the right and left eyes of the observer 

Fig. 4 is a schematic view showing the principle of 

35 observation of the parallax images in horizontally sepa- 
rated manner respectively by the left and right eyes of 
the observer and shows a cross section of the present 
embodiment seen from above, by which the function of 
the present embodiment will be explained. The mask 

"fo substrate 7 is illuminated by the rear light source 1 0 and 
the light emerges from the apertures 8. The illustrated 
apertures 8 correspond to the left stripe pixels Li among 
the horizontal stripe image displayed on the liquid crys- 
tal display 6. The light emerging from the apertures 8 is 

^5 given directivity through the lenticular lens 4, then mod- 
ulated by the left stripe pixels Li of the liquid crystal dis- 
play 6 and emerges therefrom as indicated by solid 
lines. Thus the left stripe pixels Li displayed on the liquid 
crystal display 6 can be obsen/ed only in an area indi- 

50 cated by an arrow containing the left eye £[_. 

With respect to the right eye Er, the positions of the 
apertures 8 and the opaque portions of the mask pattern 
9 are inverted from those shown in Fig. 4, so that the 
apertures 8 correspond to the right stripe pixels Ri dis- 

55 played on the liquid crystal display 6. The light emerging 
from the apertures 8 is given directivity through the len- 
ticular lens 4, then modulated by the right stripe pixels 
Ri of the liquid crystal display 6 and emerges therefrom 
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as indicated by broken lines. Thus the right stripe pixels 
Ri displayed on the liquid crystal display 6 can be ob- 
served only in an area indicated by an arrow containing 
the left eye Er. 

In order that the light from the apertures 8 over the 
entire image area can be uniformly received by the left 
eye El or the right eye Er. the pitch of the lenticular 
Jens 4 is selected slightly smaller than the horizontal 
pitch Psx of the apertures 8 of the mask pattern 9. 

Through the above-explained function, the light 
transmitted by the left and right stripe pixels Li, Ri is all 
delivered in horizontally separate manner to the two ar- 
eas, and the observer, by placing the left and right eyes 
respectively in these two areas, can observe left and 
right parallax images L, R, each consisting of a group of 
stripe pixels, thereby observing a stereoscopic image. 

Figs. 5A and 5B are cross-sectional views in the 
vertical direction of the present embodiment, respec- 
tively showing the observation optical path of the right 
stripe pixels Ri observed by the right eye Er and that of 
the left stripe pixels Li observed by the left eye El: and 
Fig. 6 is an elevational view of the mask pattern 9, the 
lenticular lens 4 and the image display plane 1 . The ob- 
servation area in the vertical direction will be explained 
with reference to these drawings. The apertures 8 of the 
mask pattern 9 are arranged in a checkered pattern as 
shown in Fig. 1 , and correspond respectively, in the ver- 
tical direction, to the stripe pixels displayed on the liquid 
crystal display 6, and, in the horizontal direction, to the 
cylindrical lenses for each kind of the stripe pixels. As 
the pitch Pqy of the apertures 8 in the vertical direction 
is selected slightly larger than the pitch P^y of the stripe 
pixels displayed on the liquid crystal display 6, the ob- 
server in a predetermined observing distance from the 
liquid crystal display 6 can observe the apertures 8 
through the stripe pixels displayed on the liquid crystal 
display 6. Thus there can be obtained an observation 
area in which the eyes of the observer at a certain height 
can observe the left and right stripe pixels in uniformly 
separated manner, over the entire vertical width of the 
image area. 

Also the vertical width dg of the apertures 8 is se- 
lected smaller than the width d-, of the stripe pixel so 
that, even when the eyes of the observer move in the 
vertical direction to cause a certain displacement be- 
tween the relative position of the stripe pixels and the 
corresponding apertures 8 seen from the observer such 
stripe pixels can still be observed as the vertical adja- 
cent stripe pixels do not come into the apertures 8. Con- 
sequently the observation area in the vertical direction 
can be widened to a range indicated by an arrow in Figs. 
5A and SB- 
Combining the situations shown in Figs. 4, 5A and 
58, the stereoscopic view can be obtained in areas 
shown in Fig. 7, wherein numeral 41 indicates the ster- 
eoscopic image display apparatus of the embodiment 
1 . Numeral 42 indicates a central area where the stere- 
oscopic observation is possible, spatially composed of 



a pair of an area where the right parallax image R only 
can be observed and an area where the left parallax im- 
age L only can be observed. If the observer moves in 
the vertical direction from the central stereoscopic ob- 

5 servation area 42, the areas capable observing the left 
and right parallax images become inverted. Therefore 
the stereoscopic observation is possible in areas 43 - 
46. Such stereoscopic observation areas are formed pe- 
riodically in the vertical and horizontal directions, and 

^0 there are still other such areas, though they are not il- 
lustrated. 

As explained in the foregoing, the present embodi- 
ment, because of appropriate selection of the horizontal 
pitch and the vertical width of the apertures 8, allows 
f5 uniform concentration of the left and right stripe pixels 
constituting the stereoscopic observation area, and also 
allows to secure a wide stereoscopic observation area 
in the vertical direction. 

Also the present embodiment, having the lenticular 
lens 4 and the mask pattern 9 behind the liquid crystal 
display 6 when seen from the side of the observer to 
obtain directional illuminating light, allows to obtain a 
clear display of the stereoscopic image without the sur- 
facial reflection by the lenticular lens orthe Moire fringes 
of a high contrast generated by the black matrix of the 
liquid crystal display 6. 

The stripe pixels constituting the horizontal stripe 
image to be displayed on the liquid crystal display may 
be obtained by alternate arrangement by the width of a 
single scanning line or by the width of plural scanning 
lines. 

In case of alternately displaying the right and left 
stripe pixels by every scanning line, it is also possible 
to employ the 2:1 interlaced scanning known in the tel- 
evision technology and to display the right stripe pixels 
in a field and the left stripe pixels in a next field. Such 
method is particularly suitable for stereoscopic display 
of a natural image obtained for example with television 
cameras. 

It is also possible to employ, instead of the rear light 
source 10 and the mask substrate 7, a light-emitting dis- 
play device such as a CRT or a fluorescent display tube 
as the light source means, to form apertures of a check- 
ered pattern similar to the mask pattern 9 on the light- 
emitting face of such display device and to give the di- 
rectionality to the light emerging from such apertures. 

The present embodiment employs the lenticular 
lens composed of cylindrical lenses each consisting of 
a flat surface and a convex cylindrical surface, but there 
may also be employed a cylindrical lens array com- 
posed of cylindrical lenses of which two faces are com- 
posed of curved faces. 

Fig. 8 is a schematic view of the principal parts of 
an embodiment 2 of the present invention, wherein an- 
other second mask substrate (second mask) 11 is pro- 
vided between the mask substrate 7 and the lenticular 
lens 4 of the embodiment 1 . 

The second mask substrate 11 is provided thereon 



25 



30 



35 



40 



45 



50 



7 



BN8OOCID: <EP_0788OOaAlJL> 



13 

with a mask pattern 13 having plural horizontal stripe- 
shaped apertures 12 (apertures B) with a pitch Pi2Y' 
corresponding to the stripe pixels on the liquid crystal 
display 6. 

The principle of horizontal separation of the parallax 
images R, L respectively to the right and left eyes of the 
observer is same as that in the embodiment 1 . More 
specifically, the mask pattern 9 of the mask substrate 7 
is positioned substantially at the focal positions of the 
cylindrical lenses constituting the lenticular lens 4. The 
light emerging from the apertures 8 of the mask pattern 
9 is partly transmitted by apertures 12 of the second 
mask substrate 1 1 , then given directivity by the lenticular 
lens 4, further modulated by the left and right stripe pix- 
els displayed on the liquid crystal display 6 and reaches 
the left or right eye of the observer, whereby the left and 
right parallax images L, R are separated in the horizontal 
direction and are observed by the observer. 

The second mask substrate 11 is provided to ex- 
pand the stereoscopic observation range in the vertical 
direction. Figs. 9A and 9B are cross-sectional views of 
the present embodiment in the vertical direction, show- 
ing the stereoscopic image display method of the 
present embodiment. Fig. 9A shows the observation op- 
tical paths of the right stripe pixels Ri observed by the 
right eye Er, and Fig. 98 shows the observation optical 
paths of the left stripe pixels LI observed by the left eye 
E|_. Also Fig. 1 0 is an elevation view of the mask patterns 
9 and 1 3 of the present embodiment. The function there- 
of will now be explained with reference to these draw- 
ings. 

The apertures 1 2 of the mask pattern 1 3 of the mask 
substrate 1 1 respectively correspond to the stripe pixels 
displayed on the liquid crystal display 6= and the vertical 
pitch P^2Y the apertures 1 2 is selected slightly larger 
than the pitch P^y stripe pixels displayed on the 

liquid crystal display 6. Thus the observer observes the 
apertures 8 through the stripe pixels displayed on the 
liquid crystal display 6 and also through the horizontal 
stripe-shaped apertures 1 2, so that, at a predetermined 
eye height, the observer can observe the left and right 
stripe pixels in horizontally separate manner, uniformly 
over the entire vertical width of the image area. 

The light incident on the eyes of the observer 
through the apertures 12 of the mask pattern 13 has 
been transmitted by the corresponding checkered-pat- 
terned apertures 8 of the mask pattern 9, then is given 
directivity toward the left and right eyes of the observer 
by the lenticular lens 4 and is then transmitted by the 
corresponding stripe pixels only. 

In such arrangement, the vertical pitch Pgy of the 
checkered-patterned apertures 8 of the mask pattern 9 
is selected slightly larger than the vertical pitch P^gy of 
the apertures 12 of the mask pattern 13, whereby, at a 
predetermined eye height, the observer can uniformly 
observe the stereoscopic image without aberration in 
the correspondence between the apertures and the left 
and right stripe pixels in the vertical direction, over the 
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entire vertical width of the image area. 

Also the vertical width 6^2 of the apertures 1 2 of the 
mask pattern 1 3 is selected smaller than the width d^ of 
the stripe pixels, whereby, even when the eye height of 

5 the observer is displaced in the vertical direction to 
cause a displacement in the relative position between a 
given stripe pixel and a corresponding aperture 12, the 
observer can still observe such stripe pixel without the 
vertically adjacent stripe pixel coming into the area of 

10 the corresponding aperture 12, so that the observation 
area in the vertical direction can be widened to a range 
indicated by an arrow in Fig. 7. 

In this situation, the distance between the mask pat- 
terns 1 3 and 9 has to be optimized In order that the light 

?5 transmitted by the apertures 12 of the mask pattern 13 
is not mixed with the light of different directivities coming 
from an aperture of the mask pattern 9 vertically adja- 
cent to the corresponding aperture 8. 

When the height of the eyes of the observer is dis- 

20 placed from the stereoscopic observation area shown 
in Figs. 9A and 9B to a vertically adjacent stereoscopic 
observation area, the light passing through the aper- 
tures 1 2 of the mask pattern 1 3 now corresponds to an 
aperture of the mask pattern 9 of the mask substrate 7, 

25 vertically adjacent to the originally corresponding aper- 
ture 8, whereby the directionality in the horizontal direc- 
tion is inverted, and, at the same time the correspond- 
ence is made to the stripe pixels adjacent to those that 
have been observed, so that the areas of the left and 

30 right parallax images are not inverted. 

Combining the situations shown in Figs. 4, 9A and 
9B, the stereoscopic view can be obtained in areas 
shown in Fig. 11 , wherein numeral 45 indicates the ster- 
eoscopic image display apparatus of the embodiment 

35 2. Numeral 46 indicates a central stereoscopic obser- 
vation area, spatially composed of a pair of an area 
where the right parallax image R only can be observed 
and an area where the left parallax image L only can be 
observed. 

40 In the present embodiment, different from the em- 
bodiment 1 , the areas capable of respectively observing 
the left parallax image L and the right parallax image R 
are not inverted even when the obsen/er moves verti- 
cally from the central stereoscopic observation area 46, 

45 SO that stereoscopic observation areas 47, 48 are ob- 
tained. Such stereoscopic observation areas are formed 
periodically in the vertical and horizontal directions, and 
there are still other such areas, though they are not il- 
lustrated. 

50 The present embodiment is different from the em- 
bodiment 1 in that the apertures 8 of the mask pattern 
9 are positioned at the focal positions of the lenticular 
lens 4 and that the mask pattern 1 3 having the apertures 
12 for controlling the stereoscopic observation area in 

55 the vertical direction is provided independently to ex- 
pand the stereoscopic observation area in the vertical 
direction. 

Also the present embodiment, having the lenticular 
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lens 4 and the two mask patterns behind the liquid crys- 
tal display 6 when seen f ronn the side of the observer to 
obtain directional illuminating light, allows to obtain a 
clear display of the stereoscopic image without the sur- 
facial reflection by the lenticular fens or the Moire fringes 
of a high contrast generated by the black matrix of the 
liquid crystal display 6. 

In the present embodiment, the second mask pat- 
tern 1 3 having the horizontal stripe-shaped apertures is 
positioned between the lenticular lens 4 and the mask 
pattern 9 with the checkered-patterned apertures, but a 
similar effect can also be obtained by arranging the 
mask pattern 1 3 between the liquid crystal display 6 and 
the lenticular lens 4. 

Fig. 1 2 is a schematic view of the principal parts of 
an embodiment 3 of the present invention, wherein the 
mask substrate 7 of the embodiment 1 having the fixed 
checkered mask pattern is replaced by a transmissive 
spacial light modulating element 71 such as a transmis- 
sive liquid crystal display device for forming thereon a 
mask pattern having checkered-patterned light-trans- 
mitting portions (apertures), which is changed in syn- 
chronization with the stripe image displayed on the liquid 
crystal display 6. 

Image processing means 74 fetches a parallax im- 
age for the right eye (right parallax image) R and a par- 
allax image for the left eye (left parallax image) L from 
an unrepresented parallax image source or generates 
such parallax images therein, then divides the two par- 
allax images respectively in the vertical direction to gen- 
erate right stripe pixels R^, R2, R3, R4, ... and left stripe 
pixels L^, L2. L3, L4, of horizontal stripe shape and 
arranges these stripe pixels alternately 
RtL2R3L4R5L6 ... for example from the upper end of the 
image area to combine a horizontal stripe image, and 
sends the corresponding image signal to a display drive 
circuit 73, which in response drives the liquid crystal dis- 
play 6 to display a horizontal stripe image on the image 
display plane 1 as shown in Fig. 12. At the same time 
the image processing means 74 generates a mask pat- 
tern with apertures corresponding to the horizontal 
stripe image, and sends the corresponding image signal 
to a light modulation element driving circuit 72, which 
drives a spatial light modulation element 71 to display 
the mask pattern thereon. Ep and El respectively indi- 
cate the right and left eyes of the observer. 

The rear light source 1 0, the spatial light modulation 
element 71 etc. constitute components of the light 
source means, and the display plane of the spatial light 
modulation element 71 can be regarded as a light emit- 
ting plane because the light is emitted therefrom. 

Figs. 1 3A, 1 3B and 1 3C are schematic views show- 
ing the stereoscopic image display method of the 
present embodiment. Fig. 13A shows the pattern of the 
light transmitting portions (apertures) and the light inter- 
cepting portions of the spatial light modulation element 
71, while Figs. 13B and 13C show the image display 
plane 1 of the liquid crystal display 6, on which displayed 
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is a stripe image obtained by respectively dividing the 
left and right parallax images L, R into horizontal stripe 
pixels and arranging such stripe pixels alternately from 
the upper end of the image area. 

5 When the spatial light modulation element 71 forms 

a pattern of the light transmitting portions 81 indicated 
by solid lines in Fig. 1 3A, the image display plane 1 dis- 
plays, as shown in Fig. 1 3B, a first horizontal stripe im- 
age PI combined from a right stripe pixel R1 in a first 

10 scanning line Y1 , a left stripe pixel L2 in a second scan- 
ning line Y2, a right stripe pixel R3 in a third scanning 
line Y3 etc. Thus the left and right stripe pixels Li, Ri are 
respectively observed by the left and right eyes through 
the horizontally separated light beams, and the stereo- 
's scopic image is obsen/ed from the left and right parallax 
images each formed by a group of stripe pixels. 

Then, when the spatial light modulation element 71 
is switched to form a pattern of the light transmitting por- 
tions 82 indicated by broken lines in Fig. 1 3A, the image 

20 display plane 1 displays, as shown in Fig. 1 3C, a second 
horizontal stripe image Pll combined from a left stripe 
pixel LI in a first scanning line Y1 , a right stripe pixel R2 
in a second scanning line Y2, a left stripe pixel L3 in a 
third scanning line Y3 etc. Thus the left and right stripe 

25 pixels Li, Ri are respectively observed by the left and 
right eyes through the horizontally separated light 
beams, and the stereoscopic image is observed from 
the left and right parallax images each formed by a 
group of stripe pixels. 

30 By alternately displaying the above-mentioned two 
states on time-divided basis, the left and right parallax 
images L, R can be displayed without the loss of reso- 
lution, in contrast to the foregoing embodiments in which 
the resolution is reduced to a half by the combination of 

35 the horizontal stripe image- 
In the conventional stereoscopic display system in 
which the left and right parallax images are displayed 
field by field on time-divided basis, the frame frequency 
has to be raised to about 1 20 Hz for preventing the flick- 

-^0 ering phenomenon, but the stereoscopic image display 
apparatus of the present embodiment allows the obser- 
vation with a high resolution without the flickering phe- 
nomenon even with a frame frequency of 60 Hz, since 
the left and right parallax images are displayed by com- 

^5 bination into a horizontal stripe image. 

In case the re-writing speed of the image display 
plane 1 of the liquid crystal display 6 and that of the spa- 
tial light modulation element 71 are mutually different, 
the re-writing operation of the display drive circuit 73 and 

50 that of the light modulation element drive circuit 72 are 
preferably combined as shown in Fig. 12, in order to 
combine the re-writing of the stripe image and that of 
the mask pattern of the apertures so that the observer 
does not notice the difference. 

55 Such re-writing operation may be made for each 
pixel on the corresponding scanning line on the image 
display plane of the liquid crystal display 6 and the spa- 
tial light modulation element 7 1 , or the each correspond- 
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ing scanning line thereof. 

The present embodiment is realized by replacing 
the mask substrate 7 of the embodiment 1 with the spa- 
tial light modulation element 71, but it is also possible 
to improve the resolution of the embodiment 2 by replac- s 
ing the mask substrate 7 thereof with the spatial light 
modulation element 71 and effecting the operation in a 
similar manner as in the present embodiment. 

Figs. 14A and 14B are schematic views of an em- 
bodiment 4 of the present invention, which is almost io 
same in configuration as the embodiment 3 but is differ- 
ent in the image display method. Different from the fore- 
going embodiments, the present embodiment displays 
a stereoscopic image only in a predetermined area in 
the image display plane 1 of the liquid crystal display 6 75 
and displays an ordinary two-dimensional image in the 
remaining area. 

Fig. 14A shows the pattern of the light transmitting 
portions (apertures) and the light intercepting portions 
of the spatial light modulation element 71 , and Fig. 1 4B 20 
shows an image pattern displayed on the image display 
plane 1 of the liquid crystal display 6. 

In a stereoscopic display area 91 in the image dis- 
play plane 1 , there is displayed, as explained in the em- 
bodiment 3, a first horizontal stripe image PI or a second 25 
horizontal stripe image Pll combined by alternate ar- 
rangement of the left and right stripe pixels, and an or- 
dinary two-dimensional image S is displayed in other ar- 
eas. 

On the spatial light modulation element 71 , a mask 30 
pattern with the checkered-patterned apertures is 
formed in an area 92 corresponding to the area 91 , and 
the light transmitted by these apertures is so given di- 
rectivity that the light beams from the left and right stripe 
pixels Li, Ri are respectively directed to the left and right 35 
eyes in mutually separate manner. The spatial light 
modulation element 71 is rendered light transmitting ex- 
cept the area 92, whereby the two-dimensional image 
S reaches both the left and right eyes. Such light trans- 
mitting state of the spatial light modulation element 71 40 
except the area 92 corresponds to the light emission in 
all the areas, except the area 92, in the light emitting 
plane of the light source means. 

The stereoscopic image display only in the area 91 
by alternately displaying the first horizontal stripe image 45 
PI and the second horizontal stripe image Pll and 
switching the aperture pattern of the area 92 in synchro- 
nization as in the third embodiment enables observation 
of the stereoscopic image with a high resolution in the 
two-dimensional image. so 

It is also possible to display the stereoscopic image 
only in a part of the image area as in the embodiment 
4, by replacing the spatial light modulation element 71 
with the mask substrate 7 of the embodiment 1 having 
the fixed pattern and forming checkered-patterned ap- ss 
ertures in the area for displaying the stereoscopic im- 
age. 

The foregoing embodiments enable observation of 



the satisfactory stereoscopic image even with a display 
device of a low display speed (frame frequency) be- 
cause the left and right parallax images L, R composed 
of stripe pixels constantly enter the respective eyes, in 
contrast to the conventional time-divided display meth- 
od of the left and right parallax images in which the frame 
frequency of the display device has to be elevated in 
order to fuse the left and right parallax images by the 
remaining image effect of the eyes. Consequently the 
stereoscopic image display apparatus can be construct- 
ed more easily. 

Also the vertical pitch of the apertures 8 of the mask 
pattern 9 is selected larger than the vertical pitch of the 
stripe pixels displayed on the display device, the observ- 
er at the observing position at a predetermined height 
can observe the stereoscopic image by uniformly sep- 
arating the left and right parallax images L, R over the 
entire image area. 

Also the vertical width 6q of the apertures 8 of the 
mask pattern 9 is selected smaller than the width of the 
stripe pixels to expand the observation area in the ver- 
tical direction. 

Fig. 15 is a perspective view of the principal parts 
of an embodiment 5 of the present invention, wherein a 
display device 6 for displaying an image is composed 
for example of a liquid crystal display. A display pixel 
portion 1 , consisting for example of a liquid crystal layer 
is sandwiched between two glass substrates 5 and 
serves to display a three-dimensional image as will be 
explained later. In Fig. 15, certain components such as 
polarizing plates, color filters, electrodes, a black matrix 
and an antireflection film are omitted from the illustra- 
tion. 

A rear tight source (surface illuminant) 10 consti- 
tutes an illuminating light source. A mask substrate 
(mask) 7, provided with a mask pattern 9 having check- 
ered-patterned apertures 8 is positioned between the 
display device 6 and the rear light source 10. The mask 
pattern 9 is prepared by patterning an evaporated metal 
film such as of chromium or a light absorbing material 
on the mask substrate 7 of glass or resin. The rear light 
source 10, the mask substrate 7 etc. constitute compo- 
nents of the light source means. 

Between the mask substrate 7 and the display de- 
vice 6, there are provided a first lenticular lens 4 and a 
second lenticular lens 3, composed of transparent resin 
or glass. The first lenticular lens 4 is a vertical cylindrical 
lens array consisting of an array in the horizontal direc- 
tion of vertically elongated cylindrical lens, while the sec- 
ond lenticular lens 3 is a horizontal cylindrical lens array 
consisting of an array in the vertical direction of horizon- 
tally elongated cylindrical lens. The first and second len- 
ticular lenses 4, 3 constitute component of a micro op- 
tical element 3H. 

The display device 6 displays, as shown in Fig. 15. 
a horizontal stripe image obtained by dividing the left 
and right parallax images R, L in the vertical direction 
respectively into plural horizontal stripe-shaped pixels 
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Ri, Li and arranging these pixels alternately such as 
L1R2L3R4L5R6--- for example from the top of the image 
area. 

The light from the rear light source 10 is transmitted 
by the apertures 8 of the mask substrate 7 and by the 
micro optical element 3H and illuminates the display de- 
vice 6, whereby the left and right stripe pixels Ri, Li are 
separated and respectively observed by the eyes of the 
observer. 

Fig. 16 is a horizontal cross-sectional view of the 
embodiment 5= showing the principle of horizontal sep- 
aration of the light from the left and right stripe pixels 
respectively to the eyes of the observer The mask sub- 
strate 7 is illuminated by the rear light source 10 and the 
light emerges from the apertures 8. In front of the mask 
substrate 7, at the side of the observer, there is provided 
the first lenticular lens 4, in which the curvature of the 
lenses thereof is so selected that the mask pattern 9 is 
positioned substantially at the focal positions of the cy- 
lindrical lenses. In this cross section, the second lenticu- 
lar lens 3 does not exert any optical function, so that the 
light emerging from a point in the aperture 8 is convert- 
ed, in this cross section, into a substantially parallel 
beam upon passing the micro optical element 3H. The 
parallel light beam in this cross section need not be ex- 
actly parallel and the object of the present invention can 
be attained as long as the stereoscopic observation is 
hindered by crosstalk caused by mixing of the left and 
right image areas at the position of the observer. 

A pair of the aperture portion and the opaque por- 
tion in the mask pattern 9 substantially corresponds to 
a pitch of the first lenticular lens 4. The illustrated pattern 
of the aperture portion and the opaque portion corre- 
sponds to the left stripe pixels Li among the horizontal 
left and right stripe pixels displayed on the display de- 
vice 6, so that the light emerging from the apertures 8 
is transmitted by the first lenticular lens 4 and illuminates 
the left stripe pixels Li on the display device 6 with di- 
rectionality in a range indicated by solid lines. 

El indicates the left eye of the observer. The pitch 
P4X of the first lenticular lens 4 is selected slightly small- 
er than the pitch Pg^ of the aperture portions and the 
opaque portions of the mask pattern 9 in order that the 
light from the apertures 8 is concentrated to the left eye 
El uniformly from the entire width of the image area. 
More specifically, the pitch P4X is so determined as to 
satisfy a relation: 

LO: (L0 + d1) = P4X : Pgx (5) 

wherein LO is the optical distance from the predeter- 
mined observer position to the first lenticular lens 4 and 
d1 is the optical distance from the first lenticular lens 4 
to the mask pattern 9. Thus the left stripe pixels Li dis- 
played on the display device 6 can be observed only in 
an area close to the left eye El- 



With respect to the right stripe pixels Ri, the ar- 
rangement of the apertures and the opaque portions of 
the mask pattern 9 becomes inverted, and corresponds 
to the right stripe pixels Ri among the horizontal left and 

5 right stripe pixels displayed on the display device 6, so 
that the right stripe pixels Ri are illuminated through the 
first lenticular lens 4 with directionality toward a range 
close to the right eye Er. Thus the right stripe pixels Ri 
displayed on the display device 6 can be observed only 

10 in an area close to the right eye Er. In the present em- 
bodiment, the left and right stripe pixels on the display 
device 6 are thus separated in the horizontal direction 
into and observed in the areas of the left and right eyes. 

Fig. 17 is a schematic vertical cross-sectional view 
of the embodiment 5, and the observation area in the 
vertical direction will be explained with reference to this 
drawing. In Fig. 17, there are omitted the first lenticular 
lens 4 having no optical function in this cross section 
and the glass substrate not directly related to the optical 

20 action, and the second lenticular lens 3 is also illustrated 
conceptually. The apertures 8 of the mask pattern are 
arranged in a checkered pattern as shown in Fig. 15, so 
that, in the vertical direction, they respectively corre- 
spond to the left and right horizontal stripe pixels dis- 

25 played in an alternate arrangement on the display de- 
vice 6. 

The checkered pattern of the apertures 8 is used to 
illuminate the left or right stripe pixels. In Fig. 17, the 
illustrated apertures are assumed to illuminate for ex- 

30 ample the left stripe pixels Li, and the black portions of 
the mask pattern 9 indicate opaque portions not trans- 
mitting the light. On the display device 6, white portions 
and black portions respectively indicate the left stripe 
pixels Li corresponding to the left eye and the right stripe 

55 pixels Ri corresponding to the right eye. 

In the illustrated arrangement, the vertical width 
(pitch) Vm of the aperture of the mask pattern that is 
equal to the width of the opaque portion, in a certain 
vertical cross section, the vertical pitch VL of the second 

40 lenticular lens 3, the pixel pitch Vd of the display device 
6 in the vertical direction (being equal to the vertical pitch 
of the stripe pixels displayed on the display device 6), 
the focal length fv of each of the cylindrical lenses con- 
stituting the second lenticular lens 3 in the plane of Fig. 

^5 1 7, the distance LI from the display plane of the display 
device 6 to the principal plane of the second lenticular 
lens 3 at the side of the observer and the distance L2 
from the principal plane of the second lenticular lens 3 
at the mask side to the mask pattern 9 are so selected 

so as to satisfy the following conditions: 

Vd: Vm = LI : L2 (1) 

55 

Vd : VL = (LI + L2)/2 : L2 (2) 
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1/fv = 1/L1 + 1/L2 (3) 

In this arrangement, the apertures 8 of the mask 
pattern 9 concentrate the light on the respectively cor- s 
responding stripe pixeis, in lines perpendicular to the 
plane of the drawing. By taking one of the checkered- 
patterned apertures 8 as an example, the light emerging 
from a central point A of the central apertures 8-1 and 
entering the corresponding cylindrical lens 3-1 of the io 
second lenticular lens 3 is converged as horizontal line 
on a central point A' of the corresponding pixel row 6-1 
of the display device 6. Also the light emerging from the 
central point A of the central apertures 8-1 and entering 
any cylindrical lens, other than that 3-1, of the second 15 
lenticular lens 3 is linearly condensed at the center of 
another left stripe pixel Li of the display device 6. 

Also the light emerging from an end point B or C of 
the central apertures 8-1 and entering the cylindrical 
lens 3-1 is converged as horizontal line on an end point 20 
B' or C of the stripe pixel row 6-1. Similarly the light 
emerging from another point of the apertures 8-1 and 
entering the cylindrical lens 3-1 is converged as a hori- 
zontal line on the stripe pixel 6-1 of the display device 
6. Also the light beams emerging from the apertures 8-1 25 
and entering the cylindrical lenses other than 3-1 are all 
concentrated on other left stripe pixels of the display de- 
vice 6. 

Also the light beams emerging from the points in 
other apertures than 8-1 are all condensed on the left 30 
stripe pixels of the display device 6, thus illuminating and 
being transmitted by such pixels, and diverge only in the 
vertical direction according to the numerical aperture at 
the condensing, thereby providing an observation area 
where the observer at a predetermined eye height, can 35 
observe the left and right stripe pixels in uniform sepa- 
ration over the entire vertical width of the image area. 

As explained in the foregoing, the light emerging 
from a point in the aperture of the mask pattern 9 is con- 
verted, in the vertical cross section, by the micro optical 40 
element 3H into a converging light beam substantially 
concentrating on the display device 6. 

Such converging light beam can satisfy the object 
of the present invention as long as the light beam emerg- 
ing from the apertures 8-1 and transmitted by the cylin- 45 
drical lens 3-1 is condensed within the stripe pixel 6-1 
on the display device 6. 

The foregoing explanation has been limited to the 
stripe pixels Li for the left eye of the observer, but the 
function is similar also to the stripe pixels Ri for the right so 
eye. 

Fig. 18 is a vertical cross-sectional view of the em- 
bodiment 5. including also the components omitted in 
Fig. 17. 

In Fig. 18, the parameters Vm, VL, Vd, fv, LI and ss 
L2 are same as those shown in Fig. 17. In the present 
embodiment, the foregoing conditions (1), (2) and (3) 
are satisfied by relations Vd = Vm = VL, LI = L2 and fv 



= LI /2, whereby provided, as explained in relation to Fig. 
17, is an observation area in which the observer at a 
predetermined eye height can observe the left and right 
images in uniform separation, over the entire vertical 
width of the image area. 

In the present invention, the object thereof can be 
attained if the relative difference between the right- and 
left-hand terms of the relations (1 ) and (2) does not ex- 
ceed 5% and if that of the relation (3) does not exceed 
1 5%. 

In the present embodiment, the stereoscopic image 
display apparatus is formed by an arrangement in the 
order of the display device 6, the second lenticular lens 
3, the first lenticular lens 4 and the mask pattern 9 seen 
from the side of the observer, but a stereoscopic image 
display apparatus of a similar effect as in the embodi- 
ment 5 can also be obtained even by interchanging the 
positions of the first and second lenticular lenses 4, 3 if 
the pitches and the focal lengths thereof and the vertical 
and horizontal pitches of the checkered-patterns aper- 
tures of the mask pattern 9 are so redesigned as to sat- 
isfy all the aforementioned conditions (1), (2), (3). 

Also in case of color stereoscopic image display, the 
present embodiment can employ a liquid crystal display 
in which red, green and blue color filters are horizontally 
arranged in a pixel, as in the ordinary liquid crystal dis- 
play for the two-dimensional image display. 

Fig. 19 is a schematic vertical cross-sectional view 
of an embodiment 6 of the stereoscopic image display 
apparatus of the present invention. In comparison with 
the embodiment 5, the present embodiment is to con- 
centrate a larger amount of illuminating light to the eye 
E of the obsen/er positioned in the vicinity of the center 
of the display image area, and Fig. 19 shows the func- 
tion of the present embodiment. The present embodi- 
ment is basically same, in the configuration, as the em- 
bodiment 5, but is different in the setting conditions of 
the second lenticular lens 3 and the mask pattern 9. In 
the following there will be principally explained the dif- 
ferences from the embodiment 5, In Fig. 19, there are 
omitted the first lenticular lens 4 having no optical func- 
tion in this cross section and the glass substrate not di- 
rectly related to the optical action, and the second len- 
ticular lens 3 is also illustrated conceptually 

The embodiment 5 in the vertical cross section em- 
ploys such a condition Vd = Vm - VL that the main light 
beam among the light beam illuminating the pixels on 
the display device 6 enters the display device 6 substan- 
tially perpendicularly. The embodiment 6 is different in 
that the lenticular lens 4 and the mask pattern 9 are so 
set as to concentrate a larger amount of illuminating light 
to the eyes of the observer positioned in the vicinity of 
the center of the display image area, thereby improving 
the illuminating efficiency. 

Now the observation range in the vertical direction 
will be explained with reference to Fig. 19. The eye po- 
sition E of the observer is distant by L from the display 
device 6. The cylindrical lenses constituting the second 
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lenticular lens 3, and the apertures 8 of the mask pattern 
9 are so positioned that the centers thereof are on dou- 
ble-dotted chain lines connecting the eye position E and 
the centers of the stripe pixels on the display device 6. 
With such arrangement, there can be obtained a stere- s 
oscopic image display apparatus in which the light 
emerging from the center of each aperture is transmitted 
through the center of the second lenticular lens 3 and 
illuminates each stripe pixel on the display device 6, and 
is concentrated on the eye position E of the observer. io 

In the illustrated arrangement, the vertical pitch Vm 
of the apertures 8 of the mask pattern in a certain vertical 
cross section, the pitch VL of the second lenticular lens 
3, the pixel pitch Vd of the display device 6 in the vertical 
direction (being equal to the pitch of the horizontal stripe is 
pixels) on the display device 6. the focal length fv of each 
of the cylindrical lenses constituting the second lenticu- 
lar lens 3 in the plane of Fig. 19, the distance L1 from 
the display plane of the display device 6 to the principal 
plane of the second lenticular lens 3 at the side of the 20 
observer, the distance L2 from the principal plane of the 
second lenticular lens 3 at the mask side to the mask 
pattern 9 and the distance L from the eye position E to 
the display device 6 are so selected as to satisfy the 
following condition: 25 

Vd : Vm =: L : (L + LI + L2) (4) 

in addition to the foregoing conditions (1 ), (2) and (3). 30 

Fig. 20 is a vertical cross-sectional view of the em- 
bodiment 6, including also the components omitted in 
Fig. 17. In Fig. 20, the parameters Vm, VL, Vd, fv LI, 
L2 and L are same as those shown in Fig. 19. In the 
present embodiment, these parameters are so selected 35 
as to satisfy the foregoing conditions (1). (2), (3) and (4). 
The configuration in the horizontal cross section is same 
as that of the embodiment 5 shown in Figs. 15 and 16. 

Thus there is provided an observation area in which 
the observer at a predetermined eye height can observe ^0 
the left and right images in uniform separation, over the 
entire vertical width of the image area. 

In the present invention, the object thereof can be 
attained if the relative difference between the right- and 
left-hand terms of the relations (4) does not exceed 4S 
10%. 

Also in the present embodiment, a stereoscopic im- 
age display apparatus of a similar effect as in the 
present embodiment can be obtained also by inter- 
changing the positions of the first and second lenticular so 
lenses 4, 3 as in the embodiment 5. 

Fig. 21 is a perspective view of the principal parts 
of an embodiment 7 of the stereoscopic Image display 
apparatus of the present invention. The micro optical el- 
ement 3H, composed of the mutually perpendicular two ss 
lenticular lenses 3, 4 in the embodiment 5, is composed 
in the present embodiment of a single toric lens array 
consisting of a two-dimensional array of a plurality of 



toric lenses having different curvatures in the vertical 
and horizontal directions. Other aspects of the configu- 
ration are same as those in the embodiment 5. 

In Fig. 21, a toric lens array 84 (micro optical ele- 
ments 3H) is composed of toric lenses 85. The focal 
length fv of the toric lenses in the vertical cross section, 
the distance LI in the vertical cross section from the dis- 
play device 6 to the principal plane of the toric lens array 
84 at the observer side and the distance L2 from the 
principal plane of the toric lens array 84 at the mask side 
to the mask pattern 9 are so selected as to satisfy the 
aforementioned conditions (1 ), (2) and (3). Also the cur- 
vature of the toric lenses 85 in the horizontal cross sec- 
tion is so selected that the focal position in the horizontal 
cross section substantially coincides with the mask pat- 
tern 9. 

In the present embodiment there is thus provided 
an observation area in which the observer at a prede- 
termined eye height can observe the left and right im- 
ages in uniform separation, over the entire vertical width 
of the image area. 

Also in the present embodiment, by setting the toric 
lens array 84 and the checkered-patterned apertures 8 
so as to satisfy the aforementioned condition (4), it is 
possible to concentrate a major portion of the illuminat- 
ing light to the eye E of the observer positioned in the 
vicinity of the center of the display image area as in the 
embodiment 6, thereby improving the illuminating effi- 
ciency. 

Fig. 22 is a schematic view of the principal parts of 
an embodiment 8 of the stereoscopic image display ap- 
paratus of the present invention. In the present embod- 
iment, the mask pattern 9 of the mask substrate 7, hav- 
ing fixed checkered-patterned apertures Is replaced by 
a transmissive spatial light modulation element 71 such 
as a transmissive liquid crystal device. Other parts of 
the configuration are same as those in the embodiment 
5. The rear light source 10, the spatial light modulation 
element 71 etc. constitute components of the light 
source means. 

Image processing means 74 generates image data 
of a stripe image by extracting stripe pixels from unrep- 
resented left and right fetches a parallax images R and 
L, then sends the stripe image data to a display drive 
circuit 73, which in response drives the liquid crystal dis- 
play 6 to display a horizontal stripe image on the image 
display plane 1 , and at the same time causes a driving 
circuit 72 to display a mask pattern, corresponding to 
the stripe image data, on a spatial light modulation ele- 
ment 71 . 

The function of forming the stereoscopic observa- 
tion area by giving directionality to the light from the light 
source means and illuminating the stripe pixels is same 
as that of the embodiment 5. 

Figs. 23A, 23B and 23C are schematic views show- 
ing the stereoscopic image display method of the 
present embodiment. Fig. 23A shows the patterns of ap- 
ertures 86 (to be more exactly called light transmitting 
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portions but called apertures for the purpose of simplic- 
ity) and opaque portions 82 of the spatial light nnodula- 
tion element 71 , while Figs. 23B and 23C show a stripe 
image composed of alternate arrangement of the left 
and right horizontal stripe pixels on the display pixel por- 
tion 1 of the display device 6. 

When the apertures of the spatial light modulation 
element 71 are solid-lined portions 86 and the opaque 
portions are portions 87 as shown in Figs. 23A, there is 
displayed a first horizontal stripe image composed, as 
shown in Fig. 23B, of a right stripe pixel R1 in the first 
scanning line Y1, a left stripe pixel L2 in the second 
scanning line Y2, a right stripe pixel R3 in the third scan- 
ning line Y3 and so on. In this state the left and right 
stripe pixels are respectively observed, in separate 
manner by the left and right eyes of the observer. 

When the apertures of the spatial light modulation 
element 71 are broken-lined portions 87 and the opaque 
portions are portions 86 shown in Figs. 23A, there is dis- 
played a second horizontal stripe image composed, as 
shown in Fig. 23C, of a left stripe pixel LI in the first 
scanning line Y1, a right stripe pixel R2 in the second 
scanning line Y2, a left stripe pixel L3 in the third scan- 
ning line Y3 and so on. In this state the left and right 
stripe pixels are respectively observed, in separate 
manner by the left and right eyes of the observer 

All the left and right parallax images R, L can be 
observed by alternate display of the above-mentioned 
states on time-divided basis, so that the stereoscopic 
image can be displayed without the loss in the resolution 
in contrast to the conventional stereoscopic image dis- 
play in which the resolution is reduced to a half by the 
synthesis of the stripe image. 

In case the re-writing speed of the image display 
plane 1 of the liquid crystal display 6 and that of the spa- 
tial light modulation element 71 are mutually different, 
the re-writing operation of the display drive circuit 73 and 
that of the tight modulation element drive circuit 72 are 
preferably synchronized as shown in Fig. 12, in order to 
synchronize the re-writing of the stripe image and that 
of the mask pattern of the apertures so that the observer 
does not notice the difference. Such re-writing operation 
may be made for each pixel on the corresponding scan- 
ning lines on the image display plane of the liquid crystal 
display 6 and the spatial light modulation element 71 , or 
for each corresponding scanning line thereof. 

In the present embodiment, as in the embodiment 
5, the pitch Vm of the apertures 8 of the mask pattern 
in a vertical cross section, the pitch VL of the second 
lenticular lens 3, the pitch Vd of the pixels (stripe pixels) 
of the display device 6 in the vertical direction, the focal 
length fv of each of the cylindrical lenses constituting 
the second lenticular lens 4 in the plane of Fig. 19, the 
distance Li from the display plane of the display device 
6 to the principal plane of the second lenticular lens 4 
at the side of the observer, and the distance L2 from the 
principal plane of the second lenticular lens 3 at the 
mask side to the mask pattern 9 are so selected as to 
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satisfy the following relations Vd ~ Vm = VL, LI = L2 and 
fv = L1/2. 

Since Vd ~ Vm, the spatial light modulation element 
71 can be composed of a liquid crystal device having a 
5 pixel pitch same as that of the display device 6 for the 
image display. The present embodiment has been ex- 
plained as a variation of the embodiment 5, but the con- 
figuration of the present embodiment may also be ap- 
plied to the embodiment 6 or 7 to similarly improve the 
10 resolution. 

The embodiment 8 displays the stereoscopic image 
over the entire display pixel portion 1 , but it is also pos- 
sible to display the stereoscopic image only in a speci- 
fied area of the display pixel portion 1 and to display an 
IS ordinary two-dimensional image in other areas. 

An embodiment 9 employs the configuration of the 
embodiment 8 but varies the mask pattern 9 to display 
a stereoscopic image in a predetermined area of the dis- 
play pixel portion 1 and a two-dimensional image in oth- 
er areas, thereby providing mixed display of the stereo- 
scopic image and the two-dimensional image. 

Figs. 24A and 24B are schematic views showing the 
image display of an embodiment 9 of the stereoscopic 
image display apparatus of the present invention. The 
present embodiment is same as the embodiment 8 ex- 
cept for the configuration of the mask pattern and that 
of the image display on the display device 6. Fig. 24A 
shows the pattern of the apertures and the opaque por- 
tions of the spatial light modulation element 71 of the 
embodiment 9, while Fig. 248 shows the image pattern 
on the display pixel portion 1 of the display device 6. In 
the display pixel portion 1 , an area 88 for displaying the 
stereoscopic image displays a horizontal stripe image 
obtained by dividing the left and right parallax images 
respectively into horizontal stripe pixels Li, Ri and alter- 
nately arranging these pixels for example in the order of 
R1L2R3 ... and an ordinary two-dimensional image S is 
displayed in the other area. The corresponding mask 
pattern 9 of the spatial light modulation element 71 is 
formed as a checkered pattern in an area 89 corre- 
sponding to the stereoscopic image displaying area 88, 
in order to give directionality to the transmitted light 
whereby the light beams passing through the left and 
right stripe pixels are respectively separated to the left 
and right eyes, and as an entirely open (light transmit- 
ting) state in the remaining area whereby the light trans- 
mitted by the two-dimensional image S reaches the left 
and right eyes. 

In this manner the stereoscopic image can be dis- 
played in the area 88 only. It is also possible to improve 
the resolution of the stereoscopic image by alternately 
displaying the first and second horizontal stripe images 
and varying the mask pattern in synchronization, as in 
the foregoing embodiment. 

Also in the embodiments 5 to 7, the stereoscopic 
image may be displayed in a part of the image area as 
in the present embodiment, by forming a checkered 
mask pattern in an area 89 corresponding to the stere- 
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oscopic image displaying area 88. 

in the sinnultaneous mixed display of the stereo- 
scopic image and the two-dimensional image, these im- 
ages may show different luminances because an ap- 
proximately half of the illuminating light is intercepted by s 
the checkered-patterned apertures of the mask pattern 
9 in the stereoscopic image display. In order to avoid 
such difference, the area of the mask pattern 9 corre- 
sponding to the two-dimensional image display may be 
maintained at an intermediate display state between io 
white and black, instead of the fully transparent state, 
for the purpose of light amount adjustment. 

In the foregoing embodiments, the width Vm of the 
apertures of the mask pattern in the vertical direction is 
selected slightly larger than the vertical pitch Vd of the '5 
horizontal stripe pixels displayed on the display device, 
whereby the observer at a predetermined height of ob- 
servation can observe the stereoscopic image by uni- 
formly separating the left and right stripe pixels over the 
entire image area. 20 

Also the stereoscopic observation range is widened 
in the vertical direction, by suitable setting of the position 
and the optical power in the vertical cross section of the 
horizontal cylindrical or toric lens array constituting the 
micro optical elements. 25 

Also since the micro optical element 3H is posi- 
tioned behind the display device 6, when seen from the 
side of the observer, the stereoscopic image of high 
quality can be observed without the surface reflection 
by the lenticular lens or the Moire fringes formed by the 30 
black matrix of the display device 6. 

Also in contrast to the conventional stereoscopic 
image display method of displaying the right and left par- 
allax images on time-divided basis frame by frame, 
where the frame frequency has to be raised to about 35 
120 Hz for preventing the flickering phenomenon, the 
system of the present invention enables stereoscopic 
obsen/ation with a high resolution, without flickering 
feeling even at a frame frequency of 60 Hz, because the 
left and right parallax images are combined into a hori- 40 
zontal stripe image. 

In the foregoing embodiments, In the display of the 
horizontal stripe image on the display device 6, the width 
of the horizontal stripe pixel constituting the stripe image 
is selected as the width of a scanning line, but it may -^5 
also be selected as the width of plural scanning lines. 

In case the left and right stripe pixels are alternately 
displayed in every scanning lines, there may be em- 
ployed the 2:1 interlaced scanning of the conventional 
television to display all the right stripe pixels Ri or all the so 
left stripe pixels Li of a stripe image in each field. Such 
method is particularly suitable for the stereoscopic dis- 
play of a natural image taken for example with television 
cameras. 

It is also possible to employ a light-emitting display ss 
element such as a CRT or a fluorescent display tube 
instead of the rear light source 10 and the mask sub- 
strate 7 in the embodiments 5 to 8 or the rear light source 
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1 0 and the spatial light modulation element 71 in the em- 
bodiments 8 and 9, and to form, on the light-emitting 
plane of such display element, a checkered pattern of 
light-emitting portions and light-non-emitting portions 
similar to the mask pattern 9 thereby giving directionality 
to the light emerging from such light-emitting portions 
by means of the micro optical element 3H. 

Figs. 25A and 25B are schematic views of the prin- 
cipal parts of an embodiment 10 of the stereoscopic im- 
age display apparatus of the present invention, and Fig. 
26 is a perspective view thereof. 

Fig. 25A is a horizontal cross-sectional view along 
a horizontal scanning line indicated by a line 25A-25A 
in Fig. 26, and Fig. 25B is a horizontal cross-sectional 
view along a line 25B-25B corresponding to a scanning 
line immediately under the scanning line of the line 25A- 
25A. 

Er and El respectively indicate the right and left 
eyes of the observer of the stereoscopic image display 
apparatus and correspond to the centers of two light- 
condensing areas to be explained later. A rear light 
source (surface illuminant) 101 emits the light toward 
the observer. A mask 102 is provided with a pattern of 
aperture portions and opaque portions in a predeter- 
mined checkered pattern, prepared by patterning chro- 
mium or a light absorbing material on a substrate such 
as of glass or plastics. A lenticular lens sheet (cylindrical 
lens array) 1 03 is composed of an array, in the horizontal 
direction of a plurality of vertically elongated cylindrical 
lenses each having a planar face on one side and having 
a convex cylindrical face on the other side. 

A transmissive display device 104 such as a trans- 
missive liquid crystal display (LCD) device displays an 
image on the image display plane thereof, as schemat- 
ically shown in Figs. 25A and 25B, which respectively 
show a state of displaying the right stripe pixel RI and 
a state of displaying the left stripe pixel L2. 

The rear light source 101 and the mask 102 consti- 
tute components of the light source means, and the ap- 
erture-bearing face of the mask 1 02 can be regarded as 
the light-emitting face of the light source means, since 
patterned light (indicating the light beams emerging 
from the regularly arranged apertures) emerge from 
such aperture-bearing face. The mask 102 functions as 
a mask with checkered-patterned apertures. 

In the following there will be explained a case of dis- 
playing computer-prepared images, such as computer 
graphic images, as the parallax images, but there may 
also be employed natural images taken with a double- 
lens camera or a stereoscopic camera. 

Image processing means 105 synthesizes a hori- 
zontal stripe image from a right parallax image R and a 
left parallax image L from an unrepresented parallax im- 
age source, and sends the corresponding image signal 
to a display drive circuit 106, which in response drives 
a display device 1 04 to display a horizontal stripe image 
on the image display plane thereof. 

Referring to Fig. 25A. the light emitted from the rear 
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light source 1 01 passes through the apertures Hp of the 
mask 102, having centers at a predetermined relation- 
ship to the optical axes of the cylindrical lenses consti- 
tuting the lenticular lens sheet 103, then deflected by 
the lenticular lens sheet 103 and is concentrated on a 
vertical line in an area corresponding to the position of 
the right eye of the observer thus entering the right 
eye Er. The light entering the right eye Er is modulated 
by the right stripe pixel R1 displayed on the display de- 
vice 104 provided between the lenticular lens sheet 103 
and the observer, whereby the right pixel R1 is observed 
by the right eye Er. Stated differently, the light emitted 
from the light source in the aperture Hp of the mask 1 02 
is given directionality by the lenticular lens sheet 103, 
and illuminates the right stripe pixel R1 of the display 
device 104 and the such illuminating light is concentra- 
tion on the position of the right eye Ep. 

In the cross section corresponding to a scanning 
line immediately under that shown in Fig. 25A, the light 
transmitted by the apertures Hp of the mask 102 is de- 
flected, as shown in Fig. 25B, by the lenticular lens sheet 
103, then modulated by the left right stripe pixel L2 dis- 
played on the display device 104 and is concentrated 
on a vertical line in an area corresponding to the position 
of the left eye E|_ of the observer, thus entering the left 
eye El- 

As shown in Fig. 26, the mask apertures Hp in the 
cross section shown in Fig. 25A and those Hl in the 
cross section shown in Fig. 25B are mutually comple- 
mentary, so that the apertures on the mask 102 are 
formed in a checkered pattern. 

The display device 104 displays a horizontal stripe 
image combined from the parallax images R and L. Figs. 
27A and 27B show the method of combining the hori- 
zontal stripe image to be displayed on the display device 
104 of the embodiment 10. As shown in Figs. 27A and 
278, at least two parallax images R, L are divided by the 
image processing means 105 in the vertical direction 
with a width corresponding to a scanning line to obtain 
right stripe pixels R-,, R2, R3 ... and left stripe pixels L^, 
Lg, L3 ... of horizontal stripe shape, and a first horizontal 
stripe image PI is prepared by combining these stripe 
pixels in the order of R^, L2, R3, L4, R5, Lg, ... 

The image data of the horizontal stripe image PI 
thus prepared by the image processing means 105 are 
supplied to the display drive circuit 106 to display the 
horizontal stripe image PI on the display device 104. 
Thus the observer observes the stripe pixels Li and Ri 
alternately in the scanning lines respectively by the left 
and right eyes, thereby achieving stereoscopic obser- 
vation by the parallax images L, R each composed of a 
group of the stripe pixels. 

In the present embodiment, in case of switching the 
horizontal stripe image on the display device 104 to a 
next horizontal stripe image, such switching is prefera- 
bly executed in succession from the upper end of the 
image area in order that the image on the display device 
104 is not partially interrupted. Such switching method 



avoids the flickering phenomenon noticeable by the ob- 
server. 

The present embodiment enables observation of 
the satisfactory stereoscopic image even with a display 

5 device of a low display speed (frame frequency) be- 
cause the left and right parallax images L, R composed 
of stripe pixels constantly enter the respective eyes, in 
contrast to the conventional time-divided display meth- 
od of the left and right parallax images in which the frame 

^0 frequency of the display device has to be elevated. Con- 
sequently the stereoscopic image display apparatus 
can be constructed more easily. 

Also in the present embodiment, since the horizon- 
tal stripe image is composed of the right and left stripe 

^5 pixels of horizontal stripe shape, each stripe pixel can 
be composed of a scanning line of the display device 
1 04, so that the horizontal stripe image can be combined 
in extremely easy manner. 

Also in the present embodiment, since the left and 

20 right stripe pixels are alternately displayed in every 
scanning lines, there may be employed the 2:1 inter- 
laced scanning of the conventional television to display 
all the right stripe pixels Ri or all the left stripe pixels Li 
of a stripe image in each field. Such method is particu- 

25 larly suitable for the stereoscopic display of a natural 
image taken for example with television cameras. 

Also in the present embodiment, the mask 102 is 
provided with a fixed pattern of the aperture portions and 
the opaque portions. Such configuration, in combination 

30 with the arrangement that the lenticular lens sheet 103 
is positioned between the mask 1 02 and the display de- 
vice 104, prevents the glare on the display plane, there- 
by providing a more agreeable stereoscopic image, in 
comparison with the stereoscopic image display appa- 
ls ratus of the conventional lenticular system. 

In the present embodiment there has been ex- 
plained a case of forming each stripe pixel with the width 
of a scanning line and combining the horizontal stripe 
image by alternately arranging such stripe pixels, but it 

40 is also possible to form each stripe pixel with the width 
of plural scanning lines and to synthesize the horizontal 
stripe image with such stripe pixels. 

Also in combining the horizontal stripe image from 
the stripe pixels, there may be employed another (sec- 
ond) horizontal stripe image Pll obtained by synthesis 
of the stripe pixels in the order of L^, R2, L3, R4, L5, Rg, ... 
from the upper end of the image area as shown in Fig. 
27B, and, in such case, the mask 102 can be provided, 
instead of the first aperture pattern for displaying the first 

50 horizontal stripe image PI, with a second aperture pat- 
tern in which each aperture is positioned at the center 
of the horizontally adjacent apertures in the first aperture 
pattern. Stated differently, there can be employed an ap- 
erture pattern of which the arrangement of the aperture 

55 portions and the opaque portions is complementary to 
that of the first aperture pattern. 

Also the present embodiment employs the lenticu- 
lar lens sheet 103 as the deflecting means for the light 
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beam, but it is generally preferable to employ a cylindri- 
cal lens array composed of cylindrical lenses each hav- 
ing cylindrical faces on both sides, since such array is 
effective in condensing the light from the rear light 
source to the areas of the right and left eyes. 

In the present embodiment, the apertures of the 
checkered pattern means an arrangement in which, in 
vertically adjacent two rows of apertures, each aperture 
in a row is positioned at the center of two adjacent ap- 
ertures in the other row. 

Figs. 28A and 28B are schematic views of varia- 
tions of the embodiment 10. The light source means in 
the embodiment 1 0 is composed of the rear light source 
101 and the mask 102 having predetermined aperture 
portions, but, in the variation shown in Figs. 28A and 
28B, these two elements are integrated. 

In Fig. 28A there are shown a light source 109 such 
as a fluorescent lamp, a mirror 1 1 0, a light guiding mem- 
ber 111 composed of transparent plastics such as PM- 
MA, and aperture portions 113 prepared by patterning 
a reflective material formed on the surface of the light 
guiding member 111. These components constitute the 
light source means, and the aperture-bearing surface of 
the light guiding member 111 is regarded as the light 
emitting face of the light source means. 

The present embodiment functions in the following 
manner. The light from the light source 109 is reflected 
by the appropriate mirror 1 1 0, thus enters the light guid- 
ing member 111 from an end face thereof and propa- 
gates therein. The light is transmitted by the apertures 
113 and illuminates the display device 104 through a 
lenticular lens sheet 103. Such arrangement provides a 
stereoscopic image display apparatus of a high efficien- 
cy of light utilization. 

The light guiding member 1 1 1 may also be provided 
with a reflecting member on the rear face, and such re- 
flecting member may be provided with a certain distri- 
bution in consideration of the light propagating charac- 
teristics. Also the light guiding member 111 is preferably 
provided on the surface thereof with a black antireflec- 
tive coated film or a chromium oxide film, in order to 
avoid unnecessary reflection. 

Fig. 28B shows another variation, employing a light- 
emitting display device 123 such as a CRT as the light 
source means. An effect same as that of the embodi- 
ment 10 can be obtained by forming an aperture pattern 
(light emission pattern) same as the aforementioned 
mask 102 on the light emitting face of the light-emitting 
display device 123 and illuminating the display device 
104 by deflecting the light from the display device 123 
with the lenticular lens sheet 103. In such arrangement, 
the light-emitting display device 1 23 and the display de- 
vice 104 are preferably synchronized for each pixel on 
the scanning line or for each scanning line. 

Fig. 29 is a schematic view of the principal parts of 
an embodiment 1 1 of the stereoscopic image display ap- 
paratus of the present invention. The embodiment 10 
employs the mask 102 with a fixed aperture pattern, so 



that the resolution of the image display apparatus is re- 
duced to a half. The present embodiment enables dis- 
play of the stereoscopic image with a higher resolution 
in comparison with the embodiment 10. 

5 In Fig. 29, a transmissive spatial light modulation 

element 1 1 4 is for example composed of a transmissive 
liquid crystal device and serves to form an.aperture pat- 
tern consisting of aperture (light transmitting) portions 
and opaque portions of a checkered pattern in place for 

10 the mask 102 in the embodiment 10, and the aperture 
pattern is varied in synchronization with the horizontal 
stripe image displayed on the display device 1 04. A light 
modulation element driving circuit 1 1 5 drives the spatial 
light modulation element 114 to form the aperture and 

'5 opaque portions thereon, in response to an image data 
signal of the aperture pattern released from image 
processing means 105. 

The rear light source 101 and the spatial light mod- 
ulation element 114 constitute components of the light 

20 source means, and the display plane of the spatial light 
modulation element 1 1 4 is regarded as the light emitting 
plane of the light source means, since the light emerges 
from the light transmitting portions formed thereon. The 
spatial light modulation element 1 1 4 functions as a mask 

25 having apertures of the checkered pattern. 

Figs. 30A, 30B and 30C are schematic views show- 
ing the stereoscopic image display method of the 
present embodiment, wherein left-hand portions indi- 
cate horizontal stripe images displayed on the display 

30 device 1 04 and right-hand portions indicate correspond- 
ing patterns of the aperture and opaque portions formed 
on the spatial light modulation element 114. 

The horizontal stripe images shown in Figs. 30A 
and 30B are respectively the first and second horizontal 

35 stripe images PI, Pll combined as already explained in 
relation to Figs. 27A and 27B. In these states, the spatial 
light modulation element 1 1 4 forms first and second ap- 
erture patterns which are mutually complementary in the 
checkered pattern of the aperture and opaque portions. 

-^0 The horizontal stripe images and the aperture pat- 
terns shown in Figs. 30A and 30B enable stereoscopic 
observation in respective cases. 

With respect to the first scanning line Y1 , in a state 
shown in Fig. 30A, the first aperture pattern 116 on the 

45 spatial light modulation element 114 is in a state of 
"open -closed-open-closed- ..." corresponding to the 
right stripe pixel R1 in the first horizontal stripe image 
PI. Then, when the first scanning line Y1 is displayed 
again after the scanning operation of the entire image 

50 area (namely at the start of the display shown in Fig. 
308), there is displayed the left stripe pixel LI of the sec- 
ond horizontal stripe image Pll, and the corresponding 
second aperture pattern 117 on the spatial light modu- 
lation element 114 is in a state of "closed-open-closed- 

55 open...". 

Thus, these states correspond to a case of obser- 
vation of 2:1 interlaced images alternately with the left 
and right eyes. As the present embodiment displays 
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these two states alternately, the original parallax innages 
R, L can be completely displayed and the stereoscopic 
image can be improved in resolution. 

Figs, 30A and 30B show the display states after the 
scanning operation of the entire image area, while Fig. 
30C shows a display state in the course of the scanning 
operation, whereby both display states mentioned 
above are mixedly present. More specifically, Fig. 30C 
shows a state in which the re-writing operation has been 
completed to the third scanning line Y3. In the present 
embodiment, at the re-writing of the horizontal stripe im- 
age on the display device 104 with a next horizontal 
stripe image, the re-writing operation is executed in suc- 
cession from the upper end of the image area in such a 
manner that the displayed image does not become par- 
tially lacking, whereby the flickering phenomenon is not 
noticed by the observer. 

Also driving circuit 106, 115 are mutually synchro- 
nized so as to re-write in synchronization the stripe pixel 
displayed on the display device 1 04 and the correspond- 
ing scanning line of the pattern formed on the spatial 
light modulation element 114. It is also possible to syn- 
chronize the displays on the display device 1 04 and the 
spatial light modulation element 114 for every pixel on 
each scanning line. Such configuration enables obser- 
vation of the left and right stripe pixels without crosstalk 
respectively by the left and right eyes. 

The present embodiment enables observation of 
the satisfactory stereoscopic image even with a display 
device of a low display speed (frame frequency) be- 
cause the left and right parallax images L, R composed 
of stripe pixels constantly enter the respective eyes and 
also because the two horizontal stripe images are dis- 
played without interruption at the re-writing, in contrast 
to the conventional time-divided display method of the 
left and right parallax images in which the frame fre- 
quency of the display device has to be elevated. Con- 
sequently the stereoscopic image display apparatus 
can be constructed more easily. 

Also in the present embodiment, since the horizon- 
tal stripe image is composed of the right and left stripe 
pixels of horizontal stripe shape, each stripe pixel can 
be composed of a scanning line of the display device 
1 1 4, so that the horizontal stripe image can be combined 
in extremely easy manner. 

The light source means is composed of the rear light 
source 101 and the spatial light modulation element 114 
in the present embodiment, but it may instead be com- 
posed of a light-emitting display device 123 such as a 
CRT as shown in Fig. 28B. In such case, the first and 
second aperture patterns 116, 117 shown in Figs. 30A 
and 30B are displayed on the CRT and the patterned 
light from the aperture (light emitting) portions thereof is 
entered into the display device 104 through the lenticu- 
lar lens sheet 103 to illuminate the horizontal stripe im- 
age. 

Also in such case, the displays on the light-emitting 
display device 1 23 and the display device 1 04 are pref- 



erably synchronized for each scanning line or each pixel 
on the scanning line. 

Fig. 31 is a schematic view of the principal parts of 
an embodiment 12 of the stereoscopic image display 

5 apparatus of the present invention, and Fig. 32 is a per- 
spective view thereof. In contrast to the foregoing em- 
bodiments utilizing a horizontal stripe image combined 
from horizontal stripe pixels, the present embodiment 
utilizes a vertical stripe image formed by dividing the left 

10 and right parallax images L, R in the lateral direction to 
generate vertical stripe pixels and arranging such left 
and right vertical stripe pixels alternately from the left- 
hand end of the display image area. 

Components same as those in Figs. 25A and 258 

?5 are represented by same numbers. The present embod- 
iment also employs a lenticular lens sheet 103, which is 
illustrated in Fig. 31 by a cylindrical lens array composed 
of cylindrical lenses having convex cylindrical faces on 
both sides, for satisfying the conditions to be explained 

20 later. In Fig. 31 , the rays of light from the display device 
1 04 to the left and right eyes Er, El are omitted because 
C » t. 

The mask 102 of the present embodiment is pre- 
pared by patterning chromium or a light absorbing ma- 

25 terial on a substrate such as of glass of plastics as in 
the embodiment 10, but it has an aperture pattern con- 
sisting of plural vertical-striped apertures. 

The rear light source 101 and the mask 102 consti- 
tute components of the light source means, and the ap- 

30 erture-bearing face of the mask 102 is regarded as the 
light-emitting face of the light source means, since the 
light emerges from the aperture-bearing face of the 
mask 1 02, which functions as a mask with vertical stripe- 
shaped apertures. 

25 Now there will be explained the stereoscopic image 
display method of the present embodiment. The light 
emitted from the rear light source 101 is transmitted by 
the mask 1 02, in which centers of the apertures are dis- 
placed in a predetermined manner from the optical axes 

40 of the cylindrical lenses constituting the lenticular lens 
sheet 1 03, then given directionality by the lenticular lens 
sheet 103 and is condensed separately in areas corre- 
sponding to the left and right eyes Er, El of the observer. 
The light beams entering the left and right eyes are 

45 respectively modulated by the vertical stripe pixels Ri, 
Li displayed on the display device 104 positioned be- 
tween the lenticular tens sheet 103 and the observer, 
thereby enabling the left and right eyes El, Er to respec- 
tively observe the left and right parallax images L, R 

50 each composed of the group of stripe pixels Li or Ri, 
thereby realizing stereoscopic observation. 

In the present embodiment, there are set particular 
conditions in order that the light for illuminating the left 
or right stripe pixel does not fall on the adjacent stripe 

55 pixel. More specifically, the width I of the left or right 
stripe pixel, the distance (observation distance) C from 
the display device 104 to the aforementioned light con- 
densation area (pupil position of the observer), the dis- 
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tance (eye distance) E between the centers of the 
above-mentioned two light condensation areas, and the 
distance t from the principal plane of the lenticular lens 
sheet 103 at the side of the display device 104 to the 
display device 104 are so selected as to satisfy the fol- s 
lowing relationship: 

t = I • C/(E/2 - 1) 

10 

Also the pitch P3 of the lenticular lens sheet 1 03 and 
the width I of the stripe pixel satisfy the following rela- 
tionship: 

P3 = E • l/(E - 21) 

Also the pitch P^^p of the apertures of the mask 1 02, 
and the pitches Pr, Pl of the apertures Hp, Hl for the 
right and left eyes are mutually equal, namely: 20 

and P;^p and the width I of the vertical stripe pixel satisfy 25 
the following relationship: 

P^p = 2l {E/( E-2l)+to/C} 

30 

wherein to is the distance from the principal plane of the 
lenticular lens sheet 103 at the mask side to the mask 
102. 

Also the apertures Hp, and H|_ are mutually dis- 
placed by A, which is defined by: 35 

A = (PAp/2)-2|.to/t. 

Because of the above-explained configuration, the 40 
present embodiment can display a satisfactory stereo- 
scopic image without crosstalk between the left and right 
stripe pixels. 

In the present embodiment, in switching the vertical 
stripe image displayed on the display device 104 to a 45 
next vertical stripe image, such switching is preferably 
executed in succession from the upper end of the image 
area in order that the displayed image does not become 
partially lacking. In this manner the flickering phenome- 
non is not noticed by the observer. so 

Also the present embodiment, because of the use 
of the mask 1 02 with a fixed pattern and the positioning 
of the lenticular lens sheet 103 between the mask 102 
and the display device 1 04, can prevent the glare on the 
display plane, thereby providing a more agreeable ster- 55 
eoscopic image, in comparison with the stereoscopic 
image display apparatus of the conventional lenticular 
system. 



The present embodiment also displays a color im- 
age. The display plane of the display device 104 of the 
present embodiment is provided, in the vertical stripe 
pixels Li. Ri constituting the vertical stripe image shown 
In Fig. 32, with a filter F consisting of a vertical array of 
color filters r, g, b as shown In a partial magnified view 
118. Based on such configuration of the display device 
104, the present embodiment allows observation of a 
satisfactory stereoscopic color image without color ab- 
erration. 

As a modification of the present embodiment, the 
effect thereof can also be obtained by constituting the 
light source means with a light-emitting display device 
1 23 such as a CRT as shown in Fig. 28B, forming a fixed 
aperture pattern (light emitting pattern) same as that of 
the mask 102 on the light emitting plane of the display 
device, and giving directionality to the pattern light 
emerging from the light emitting plane by the lenticular 
lens sheet 103. 

In such case, the displays of the light-emitting dis- 
play device 123 and the display device 104 are prefer- 
ably synchronized for each scanning line or each pixel 
on the scanning line. 

Fig. 33 shows a variation of the embodiment 12, 
schematically showing the relationship between the pix- 
el arrangement and other components in case of color 
Image display. The stereoscopic image displaying meth- 
od is same as in the embodiment 1 2. A transmlsslve dis- 
play device 1 1 9 is provided, on the display plane thereof, 
with a filter F consisting of vertically-striped color filters 
r g, b so as to superpose on the vertical stripe pixels, 
whereby a color pixel on the display device 119 corre- 
sponds to a cylindrical lens of the lenticular lens sheet 
1 03 and a vertical stripe image, composed of the vertical 
stripe pixels L^RgLbR^LgR^^LrRg..., is displayed on the 
display device 119, wherein suffixes r, g, b Indicate the 
respective color pixels. Such configuration allows the 
observer to observe a satisfactory stereoscopic color 
image without color aberration. 

It Is also possible to replace the display device 119 
with a display device 120 with a modified arrangement 
of the vertically striped filter F as shown in Fig. 34, In 
such a manner that a color pixel of the display device 
120 corresponds to a cylindrical lens of the lenticular 
lens sheet 103, thereby displaying a vertical stripe Im- 
age, composed of the vertical stripe pixels L^R^L 
gRgLbRbLrRp ., on the display device 120. 
Also In this case there can be observed a satisfactory 
stereoscopic color image without color aberration. 

However, if each color pixel Is made to correspond 
to a cylindrical lens of the lenticular lens sheet 103 as 
shown In Figs. 33 and 34, the manufacture of the len- 
ticular lens sheet 103 may become difficult because of 
the reduced pitch thereof and the resulting reduced 
sheet thickness. In such case, if planar-convex lenticu- 
lar lenses are employed, such convex face side Is pref- 
erably provided at the side of the display device 120. 

It is also possible to replace the lenticular lens sheet 
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103 with a lens system consisting of plural micro lens 
sheets, of which the principal point at the side of the dis- 
play device 120 is positioned outside the lens system. 

Fig. 35 shows another variation of the embodiment 
1 2. In this variation, the centers of the two apertures Hp, s 
Hl for right and left eyes are shifted In mutually opposite 
directions, by a predetermined distance, from the optical 
axis of each of the cylindrical lenses constituting the len- 
ticular lens sheet 103. Also such apertures Hp, are 
provided corresponding to every other cylindrical lenses 
on the lenticular lens sheet 103. Such configuration al- 
low to displace the display device 1 04 closer to the ob- 
server, in comparison with the embodiment 12. 

Also in such case there can be employed the color 
pixel arrangement as explained in the foregoing varia- ^5 
tion, and a satisfactory stereoscopic color image can be 
observed without color aberration. 

Figs. 36A and 36B are schematic views of the prin- 
cipal parts of an embodiment 1 3 of the stereoscopic im- 
age display apparatus of the present invention, and Fig. 20 
37 is a view showing the combining method of the stripe 
image of the embodiment 1 3. In the embodiment 1 2, the 
resolution of the stereoscopic image is reduced to 1/2 
because of the use of the mask 1 02 with a fixed aperture 
pattern. In contrast, the present embodiment replaced 25 
the mask 1 02 of the embodiment 1 2 with a transmissive 
spatial light modulation element 114 and switches the 
vertically striped aperture pattern displayed on the spa- 
tial light modulation element 1 1 4 in synchronization with 
the switching of the first vertical stripe image PI and the 30 
second vertical stripe image PI I displayed on the display 
device 104, thereby improving the resolution of the ster- 
eoscopic image. 

In these drawings, the spatial light modulation ele- 
ment 114 is composed for example of a transmissive 3S 
liquid crystal device and serves, in place for the mask 
102 of the embodiment 12, to display an aperture pat- 
tern which is varied in synchronization with the vertical 
stripe image displayed on the display device 104. An 
image data signal representing the aperture pattern 40 
consisting of predetermined light transmitting (aperture) 
and opaque portions, from image processing means 
105, is supplied to the light modulation element driving 
circuit 115, which in response forms a predetermined 
aperture pattern consisting of the light transmitting por- 45 
tions and the opaque portions on the spatial light mod- 
ulation element 114. 

The rear light source 101 and the spatial light mod- 
ulation element 114 constitute components of the light 
source means, and the display plane of the spatial light so 
modulation element 1 1 4 is regarded as the light emitting 
plane of the light source means, since the light emerges 
from the light transmitting portions formed thereon. The 
spatial light modulation element 1 1 4 functions as a mask 
having vertically striped apertures. 55 

Fig. 37 shows the method of combining the vertical 
stripe image of the present embodiment. The right par- 
allax image R is divided into vertical right stripe pixels 



R^, R2, R3, and the left parallax image L is divided 
into vertical left stripe pixels L,, Lj, L3, and there are 
combined a first vertical stripe image PI by arranging 
these stripe pixels in the order of L1R2L3R4L5R6... and 
a second vertical stripe image PI I by arranging these 
stripe pixels in the order of R-1L2R3L4R5L6... 

As shown in Figs. 36A and 36B, the apertures Hp, 
H|_ are respectively displaced, by a predetermined dis- 
tance, from the optical axis of the respectively corre- 
sponding cylindrical lenses. More specifically the aper- 
ture Hl for guiding the light from the rear light source 
101 to the left eye El and the aperture Hr for guiding 
the light to the right eye Er are respectively shifted to 
left and right by a distance of a half pitch as shown in 
Figs. 36A and 36B, thereby forming a first aperture pat- 
tern PAT-1 and a second aperture pattern PAT-2. 

The stereoscopic image can be observed in each 
of the state shown in Fig. 36A, utilizing the first vertical 
stripe image PI and the first aperture pattern PAT-1 and 
the state shown in Fig. 36A, utilizing the second vertical 
stripe image PI I and the second aperture pattern PAT- 
2, and the present embodiment increases the resolution 
of the stereoscopic image by alternately displaying 
these two states. 

Figs. 36A and 368 show the display states in a 
cross section along a certain scanning line, while Fig. 
38 shows the display state in the course of the scanning 
operation of the image area in the embodiment 13, 
wherein the vertical stripe image is being re-written on 
the display device, so that the two display states are mix- 
edly present. More specifically there is illustrated a state 
where the first vertical stripe image PI is re-written into 
the second vertical stripe image PI I up to the third scan- 
ning line Y3- 

Fig. 38 also shows the cross section of the lenticular 
lens sheet 103, in order to show the positional relation- 
ship therewith. For the purpose of simplicity, the pitch 
P3 of the lenticular lens sheet 103 is illustrated same as 
the half pitch P^ = Pap/2 of the apertures, and these 
parameters satisfy the aforementioned conditions. 

In the present embodiment, the driving circuits are 
so synchronized that vertical stripe image displayed on 
the display device 104 and the aperture pattern formed 
on the spatial light modulation element 114 are re-writ- 
ten in synchronization. If necessary, the synchronization 
may be made for each pixel on the scanning line. 

In the present embodiment, in switching the vertical 
stripe image displayed on the display device 104 to a 
next vertical stripe image, such switching is executed in 
succession from the upper end of the image area in or- 
der that the displayed image does not become partially 
lacking. In this manner the flickering phenomenon is not 
noticed by the observer. 

The present embodiment enables observation of 
the satisfactory stereoscopic image even with a display 
device of a low display speed (frame frequency) be- 
cause the left and right parallax images L, R composed 
of stripe pixels constantly enter the respective eyes and 
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also because the two vertical stripe images are dis- 
played without interruption at the re-writing, in contrast 
to the conventional time-divided display method of the 
left and right parallax images in which the frame fre- 
quency of the display device has to be elevated. Con- 
sequently the stereoscopic image display apparatus 
can be constructed more easily. 

Also the light source means of the present embod- 
iment may be replaced by a light-emitting display device 
1 23 such as a CRT as shown in Fig. 28B. In such case 
the light is emitted from the portions corresponding to 
the apertures or Hp| shown in Figs. 36A and 36B and 
the emerging light is given directionality by the lenticular 
lens sheet 103. 

The foregoing embodiments have shown apparatus 
and methods for displaying a stereoscopic image on the 
entire display face of the display device 104. It is how- 
ever possible, in any of the foregoing embodiments, to 
display the stereoscopic image only in a specified area 
and to display an ordinary two-dimensional image in oth- 
er areas. 

Such objective can be attained, in embodiments 
employing the mask 1 02 with a fixed pattern, by display- 
ing a stripe image on the display device 104 only in an 
area for the stereoscopic image display and an ordinary 
two-dimensional image in other areas. In such case, 
however, the resolution of the two-dimensional image 
becomes lower than that of the display device 104 if the 
aperture and opaque portions are formed on the entire 
area of the mask 102. In order to avoid such reduction 
of resolution, the opaque portions are eliminated from 
the areas of the mask 102 corresponding to the two-di- 
mensional image. 

In embodiments employing the spatial light modu- 
lation element 1 1 4 for displaying the aperture pattern in 
place of the mask 102, the horizontal or vertical stripe 
image is displayed only in a stereoscopic image display- 
ing area 121 of the display device 1 04 as shown in Fig. 
39 and the spatial light modulation element 114 forms 
an aperture pattern of the aperture and opaque portions 
only in a corresponding area 122. The display device 
1 04 displays the ordinary two-dimensional image in oth- 
er areas, and the spatial light modulation element 114 
maintains the corresponding areas in the light transmit- 
ting state. In this manner the stereoscopic image can be 
observed only in the area 121 of the display of the ver- 
tical or horizontal stripe image according to the afore- 
mentioned principle of stereoscopic observation, and 
the two-dimensional image can be observed in other ar- 
eas. 

In such case, the resolution of the stereoscopic im- 
age can be improved by employing the aforementioned 
method of alternately displaying a state utilizing the first 
horizontal or vertical stripe image PI and the first aper- 
ture pattern and another state utilizing the second hori- 
zontal or vertical stripe image PI I and the second aper- 
ture pattern, in the stereoscopic image display area. 

Fig. 39 illustrates a display method utilizing the ver- 



tical stripe image, but the resolution of the stereoscopic 
image can also be improved by the display method uti- 
lizing the horizontal stripe image as shown in the em- 
bodiment 11. 

5 Also in such case^ there may be employed the light- 

emitting display device 1 23 such as a CRT as shown in 
Fig. 28B for the light source means and the light emis- 
sion pattern thereof may be suitably controlled to display 
the stereoscopic image only a predetermined area. 
'0 The foregoing embodiments enable observation of 
the satisfactory stereoscopic image even with a display 
device of a low display speed (frame frequency) be- 
cause the left and right parallax images L, R composed 
of stripe pixels constantly enter the respective eyes, in 
?5 contrast to the conventional time-divided display meth- 
od of the left and right parallax images in which the frame 
frequency of the display device has to be elevated in 
order to fuse the left and right parallax images. Conse- 
quently the stereoscopic image display apparatus can 
be constructed more easily. 

The invention may be embodied in other specific 
forms without departing from the spirit or essential char- 
acteristics thereof. The foregoing embodiments are 
therefore to be considered in all aspects as illustrative 
and not restrictive, the scope of the invention being in- 
dicated by the appended claims rather than by the fore- 
going description and all changes which come within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 



Claims 

1. A stereoscopic image display apparatus compris- 
ing: 

light source means for emitting light from plural 
apertures; 

an optical element array composed of an array 
of optical elements having different optical 
functions in the horizontal and vertical direc- 
tions, for giving directivity to the light emerging 
from said apertures; and 
a transmissive display device for displaying a 
stripe image, obtained by dividing each of a par- 
allax image for the right eye and a parallax im- 
age for the left eye into the horizontal stripes to 
obtain right stripe pixels and left stripe pixels 
and arranging said right and left stripe pixels 
alternately in a predetermined order; 
wherein said plural apertures are provided cor- 
responding to each of the optical elements con- 
stituting said optical element array, for each 
stripe pixel, and are adapted to cause the light, 
passing through the right or left stripe pixel, to 
reach a predetermined area. 

2. An apparatus according to claim 1, wherein said 
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plural apertures are provided in a checkered pat- 
tern. 

3. An apparatus according to claim 2, wherein the 
pitch in the vertical direction of the apertures corre- 
sponding to the vertical adjacent stripe pixels is 
larger than the pitch in the vertical direction of said 
stripe pixels, and the width in the vertical direction 
of said aperture is snnaller than the width in the ver- 
tical direction of said stripe pixel. 

4. An apparatus according to claim 2, wherein said op- 
tical element is a cylindrical lens having an optical 
power in the horizontal direction, and said optical 
element array is a horizontal array of said cylindrical 
lenses. 

5. An apparatus according to claim 4, wherein the hor- 
izontal pitch of said cylindrical lenses is smaller than 
the pitch of the horizontally adjacent apertures in 
said checkered pattern. 

6. An apparatus according to claim 1 , further compris- 
ing means for controlling said apertures by a pre- 
determined signal. 

7. An apparatus according to claim 6, wherein said 
control means is adapted to form said plural aper- 
tures in a predetermined area of said light source 
means and to emit light in all the remaining areas. 

8. An apparatus according to claim 6. wherein said 
light source means is a light-emitting display ele- 
ment, and said control means is adapted to control 
said light-emitting display element. 

9. An apparatus according to claim 6, wherein said 
light source means includes a surface illuminant 
and atransmissive spatial light modulation element, 
and said control means is adapted to control said 
spatial light modulation element. 

10. An apparatus according to claim 6, wherein a first 
stripe image combined by alternate arrangement of 
odd ones among the right stripe pixels divided from 
said parallax image for the right eye and even ones 
among the left stripe pixels divided from said paral- 
lax image for the left eye and a second stripe image 
combined by alternate arrangement of odd ones 
among the left stripe pixels divided from said paral- 
lax image for the left eye and even ones among the 
right stripe pixels divided from said parallax image 
for the right eye are alternately displayed on the en- 
tire area of said display device or a specified area 
thereof. 

11. An apparatus according to claim 10, wherein, in 
switching the two stripe images displayed on said 



display device and the plural apertures formed on 
the light emitting plane of said light source means 
in raster scanning, the switching is executed in syn- 
chronization for each pixel on the corresponding 
5 scanning line or for each scanning line. 

12. An apparatus according to claim 1 , wherein a sec- 
ond mask having plural horizontal stripe-shaped 
apertures corresponding to the stripe pixels consti- 
tuting said stripe image is positioned between said 
light source means and said display device. 

13. An apparatus according to claim 12, wherein the 
pitch in the vertical direction of the apertures of said 
second mask corresponding to the vertically adja- 
cent stripe pixels is larger than the vertical pitch of 
said stripe pixels but is smaller than the vertical 
pitch of the apertures of said light source means, 
and the vertical width of the apertures of said sec- 
ond mask is smaller than the vertical width of said 
stripe pixels. 

14. An apparatus according to claim 1 , wherein each of 
the stripe pixels constituting said stripe image is dis- 
played by a scanning line of said display device. 

15. An apparatus according to claim 14, wherein said 
stripe image is displayed by 2:1 interlaced scanning 
on said display device, whereby a horizontal stripe 
image consisting solely of right stripe pixels is dis- 
played in a field and a horizontal stripe image con- 
sisting solely of left stripe pixels is displayed in an- 
other field. 

An apparatus according to claim 1 , wherein said op- 
tical element array is adapted to convert the light 
from the apertures of said light source means, in a 
horizontal cross section into a substantially parallel 
light beam and in a vertical cross section into a con- 
verging light beam substantially converging on said 
display device. 

17. An apparatus according to claim 16, wherein said 
optical element array includes a vertical cylindrical 
lens array composed of an array in the horizontal 
direction of a plurality of vertically elongated cylin- 
drical lenses and/or a horizontal cylindrical lens ar- 
ray composed of an array in the vertical direction of 
a plurality of horizontally elongated cylindrical lens- 
es. 

18. An apparatus according to claim 17. wherein the 
pitch VL of said horizontal cylindrical lens array in 
the vertical direction, the vertical pitch Vd of the 
stripe pixels displayed on said display device, the 
vertical width Vm of said apertures and opaque ar- 
eas, the distance LI between said display device 
and said horizontal cylindrical lens array, the dis- 
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tance L2 between said horizontal cylindrical lens ar- 
ray and said light source means, and the focal dis- 
tance fv in the vertical cross section of the horizontal 
cylindrical lenses constituting said horizontal cylin- 
drical lens array satisfy following relations: s 

Vd : Vm = LI : L2 



Vd : VL = (LI + L2)/2 : L2 

and 

1/fv= 1/L1 + 1/L2 

19. An apparatus according to claim 18, wherein the 
distance L from said display device to the predeter- 
mined position of the observer and the above-men- 20 
tioned parameters Vd, Vm, LI and L2 satisfy follow- 
ing relation: 

Vd : Vm := L : (L + LI + L2) 

20. An apparatus according to claim 16, wherein said 
optical element array includes a toric lens array con- 
sisting of a two-dimensional array of toric lenses 
having different focal distances in the vertical and 30 
horizontal directions. 

21. An apparatus according to claim 20, wherein the 
pitch VL of said toric lens array in the vertical direc- 
tion, the vertical pitch Vd of the stripe pixels dis- 35 
played on said display device, the vertical width Vm 

of said apertures and opaque areas, the distance 
LI between said display device and said horizontal 
cylindrical lens array, the distance L2 between said 
toric lens array and said light source means, and 40 
the focal distance fv in the vertical cross section of 
the toric lenses constituting said toric lens array sat- 
isfy following relations: 

Vd : Vm = LI : L2 "^^ 



Vd : VL = (LI + L2)/2 : L2 

so 

and 

1/fv= 1/L1 + 1/L2 

55 

22. An apparatus according to claim 21, wherein the 
distance L from said display device to the predeter- 
mined position of the observer and the above-men- 



tioned parameters Vd, Vm, LI and L2 satisfy follow- 
ing relation: 

Vd : Vm = L : (L + LI + L2) 

23. An apparatus according to claim 1, wherein the 
pitch P3X of said optical element array in the hori- 
zontal direction, the pitch Pg^ of the apertures of the 
light source means, the distance LO between said 
optical element array and the predetermined posi- 
tion of the observer, and the distance dl between 
said optical element array and said light source 
means satisfy following relation: 

LO : (LO + Dl) = : Pgx 

24. A stereoscopic image display apparatus compris- 
ing: 

light source means for emitting light from plural 
apertures; 

an optical element array composed of an array 
of optical elements having different optical 
functions in the horizontal and vertical direc- 
tions, for giving directionality to the light emerg- 
ing from said apertures; and 
a transmissive display device for displaying a 
stripe image, obtained by dividing each of a par- 
allax image for the right eye and a parallax im- 
age for the left eye into the vertical stripes to 
obtain right stripe pixels and left stripe pixels 
and arranging said right and left stripe pixels 
alternately in a predetermined order; 
wherein said plural apertures are provided cor- 
responding to each of the optical elements con- 
stituting said optical element array, for each 
stripe pixel, and are adapted to cause the light, 
passing through the right or left stripe pixel, to 
reach a predetermined area. 

25. An apparatus according to claim 24, wherein said 
optical element is a cylindrical lens having an optical 
power in the horizontal direction, and said optical 
element array is composed of an array in the hori- 
zontal direction of said cylindrical lenses. 

26. An apparatus according to claim 25, wherein the 
centers of said apertures corresponding to said 
right and left stripe pixels are respectively shifted in 
mutually opposite horizontal direction with respect 
to the optical axes of the cylindrical lenses corre- 
sponding to the respective stripe pixels. 

27. An apparatus according to claim 25, wherein the 
width I of said right or left stripe pixel, the distance 
C from said display device to said light condensa- 
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tion area, the distance E between the centers of 
said two light condensation areas, and the distance 
t from the principal plane of said cylindrical lenses 
at the side of said display device to said display de- 
vice satisfy following relation: s 



t = IC/(E/2-l) 

28. An apparatus according to claim 25, further conn- io 
prising nneans for controlling said apertures by a 
predetermined signal. 

29. An apparatus according to claim 28, wherein said 
control means is adapted to form said plural aper- is 
tures in a predetermined area of said light source 
means and to emit light in all the remaining areas. 

30. An apparatus according to claim 28, wherein said 
light source means is a light-emitting display ele- 20 
menl and said control means is adapted to control 
said light-emitting display element. 

31. An apparatus according to claim 28, wherein said 
light source means includes a surface illuminant 25 
and a transmissive spatial light modulation element, 
and said control means is adapted to control said 
spatial light modulation element. 

32. An apparatus according to claim 28, wherein a first 30 
stripe image combined by alternate arrangement of 
odd ones among the right stripe pixels divided from 
said parallax image for the right eye and even ones 
among the left stripe pixels divided from said paral- 
lax image for the left eye and a second stripe image 35 
combined by alternate arrangement of odd ones 
among the left stripe pixels divided from said paral- 
lax image for the left eye and even ones among the 
right stripe pixels divided from said parallax image 

for the right eye are alternately displayed on the en- 40 
tire area of said display device or a specified area 
thereof. 

33. An apparatus according to claim 32, wherein, in 
switching the two stripe images displayed on said ^5 
display device and the plural apertures formed on 

the light emitting plane of said light source means 
in raster scanning, the switching is executed in syn- 
chronization for each pixel on the corresponding 
scanning line or for each scanning line. so 
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